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..i: ..ce Base, Ohlo, by personnel of that organization.

the test subjects are described.

st a nominal speed of 500 frames per second.
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Coordinate positions of reference
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‘ i e tracks of the marked anthropometric points were recorded
\ © oo hout each test event on 16 mm motion picture cameras overa-
Projected image
.r.ates of the tracked points were digitized semi-automaticalld
-y of the frames during the event and were electronically
to time-seat ccordinate position histories for displace-
.+, elscity, and acceleration analysis.
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The techniques and procedures applied to reduce data from

each of the major test programs are described in this report.

The coordirnate solutions were adeqguate to use as comparisons
with oredicted trajectories of the various points. With the ex-
ception of the Injury Protection Comparison study and the elbow
trajectory data from the -GX (6, 8, and 10G) study, errors in
solution were less than one-eighth inch. Large errors in x-
component of displacement were evident in the data from the Whole
Body Restraint-Lateral test program. The indications are that the
ang.e between the optical axes of the cameras (11 and 12) was too
small.

Derived velocity and acceleration data are not sufficiently
accurate to use for predictions. Improved filtering methods and
grcater accuracy in coordinate solutions would be required to
improve the utility value of these data.
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SECTION 1
INTRODUCTION

The high injury and fatality rates associated with vehicular
crashes and emergency escape from aircraft dictate the need for
determination of impact exposure limits and the evaluation of the
efrectiveness of various protection system configuraticns -nd¢ pro-
tection principles and techniques. 1In response to these needs, the
Biomechanical Protection Branch cf the Air Feorce ferosypace Medical
Research Laboratory (AMRL,/BBP) has rigorously conducted experimental
test programs, developing in the laboratory simulaticns cf the
environments to which crewmen might be exposed. Data collected from
these experimental programs provide the bases for verification
and,/or improvement orf predictive biodynamic models.

This report describes and documents the photometric analysis
procedures and processes developed and applied by the University of
Dayton Research Institute (UDRI) during the period 1 September 1976
thru 30 April 1979, in support of AMRL/BBP research and development 1
programs.

The photometric work accomplished is summarized as follows:

e DOT 6 Year 01ld Child Comparison. The reduction of photo-
metric recordings of points on the heads of dummies and
baboons to time histories of three dimensional coordinate

positions was completed.

® Restraint System Dynamics. Preparation of test subjects
by application and documentation of tracking fiducials
was accomplished. Reduction of film data to two dimen-
sional time histories of displacement, velocity, and
acceleration of six points on the heads and extremities of
nine human subjects and one manikin during ninety-one

tests was completed.

e Whole Body Restraint-Lateral. Preparation of subjects by ;
application and documentation of tracking fiducials was

accomplished prior to cach test. Reduction of film data

10 :




to time histories of three dimensional displacements,

velocities, and accelerations of nine points on the heads
and torsos of ten human subjects and thrcee manikins

acquired during fifty three of the tests was completed.

Upper Torso Retraction. Preparation of subjects by
application of fiducials and measurement of variable
breadths was accomplished prior to each test. Film data
collected during two tests were reduced to two dimensional
time histories of displacements, velocities, ai.l accelera-
tions of nine points on the subject and one point on the

retraction piston.

-+

Impact Protection Comparison, =50 Gx Accelerutor.
Preparation of subjects by application and Jlocumentation
of fiducials was accomplished prior to each of eignteen
tests. Data were digitized from seventeen cf the tests
and were reduced to time histories of displacements,
velocities, and accelerations of six points on each of

the subjects.

Impact Protection Comparison, -50 Gx Decelerator.
Preparation of subjects by application and documentation
of fiducials was accomplished prior to each of twelve
tests. Film data from eleven tests were digitized and
reduced to time histories of displacements, velocities,

and accelerations of six points on each of the subjects.

F-111 Generic Study, -Gx. Preparation of subjects by
application of fiducials and measur2ment of their relative
locations was accomplished prior to ecach test. A process
was developed to plot pictograms cf the head and extremi-
ties of the subject and the projection of the harness
geometry in the X-Z plane. The process was demonstrated

with data digitized from film(s) ot test(s).

11




netlopa

e

nl




ti?"'\ |
ANALYSTE OF SLANAD oo

ERPOSsSUre Ol syl Jals 0 e s

+GZ acCeleratlon «nVITORIMent s s iy o r sl
polints on these subseoss RS - .

the extremities is demonstrarod, 2o 18 50t 0 LaL.
tude as to warrant throo dimensiingl andi s 5. Lot
point, or points, were ‘desoribed by o lara bl o

recorded on 2 sindgle MOLLON Z1CHAYe CAMGIa 2ol "1 el D T
Horizontal Impact Facility Photcmetric Dart s Aniloo.n orcoorar piliyn
The test programs from which data were reduced usiiar rhois D Cuss

were:

Restraint Svystem Dyvramics

Upper Torso Retractic

e Impact Protecticn Jomparis

The original versicn of HIFPD was deveiores luarine an
earlier effort and was documented in AMRL-TI-78-%4. The process:
has since been modified by the addition < three sobroutines,
rotate, mean 1, and mean 2, which werc developed to 1mprove accu-
racy by minimizing the effects of camera wvibraticn and woin

registration variations, and to provide sratistica. 1ndicavionsg o0

reading accuracy and smoothing effects. ‘The current vorsicn OFf

)

e
this program is described in the followinu sect:on:s ana listino

the program source statements 1S prescnte:d LN Jorenaily Al

2.1 THEORY

When a camera photograrhs a scenwe, the S1im reooc s g

image of an infinite number of rays cf light eman.ating Yrorn

0
—
s

infinite number of points in the scoene. PYothe oo
the rays pass 1s such that it introduces no distor oo, thorn e
image of a given observed voint will stri=e the tiin o 0 istabs,
£ from the center of the .mage of *he C¢htirs 500l Lo it
r2lationship to the distance, P A T O S S S C
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Figure 1 illustrates this relationship.

Optical ==
Axis

Figure 1. Observed Point and its Film Plane Image
Relative to the Optical Axis.
Having the focal length of the lens, Sg given by the
manufacturer and the measured distance, ri, the distance, r ., can

be calculated by similar triangles to be:

r, = So(ii) .
S¢

This does not, however, permit the determination of the
vector direction of ry from the point at which the optical axis
penetrates the object plane.

If one could construct a perpendicular set of axes, x and
z, in the object plane, for instance a horizontal and a vertical I
line, intersecting at the optical axis, then the vector direction '
of the line segment, r, can be determined by measuring the angular
displacement of its image, £y from the image of the x axis or by

measuring the coordinates of the image point, 1S and solving for

14




the angle: §
1

o

8. = tan 1
1 —
X.

i
as in Figure 2. Construction of material axes in the observed
scene 1s usually not practical so an alternate method will be

offered later in the discussion.

N

Image Plane

Figure 2. Film Plane Image of Scene Coordinate Axes.

Since the image recorded on the film is so small, it is

impractical, 1f not impossible, to determine the coordinates of the
image polint without magnitication. The required magnification 1is
usually provided by a projector, althouygh microscoues have also
been used. If a projector is used, and its lens 1ntronduces no

di1stortion, then the screen, or projected imadge @ lane, could be
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Now let us return to the prapion of relating the orienta-
ier. of the film frame imace bto the chserved scene. As has been
ted, it i1s usually not practical to draw a set of axes on the

t
sta
observed scene. It is, however, practical to establish a coordinate
system in the scene and survey the coordinates of several fixed
points of reference in the estaplishoed system.  Figure 5 illustrates
the protected image of the points P the origin of the scene co-
ordinate s3vstem (SCS) and Py and p., which are surveyed reference
points. For the sake of simplificaticn, the three points are co-
planar irn a plane, v=n, normal to the optical axis although 1in
practice this is not required. The images of these points are pro-
jected on a viewing screen on which a1 roerdinste system 1s imposed,
which we shall call the projeated imrace ~oordinate system (PCS).
Having the coordinates in the 3C5 of the twn cbserved points POl

and Do the projected image can ncw be rotated relative to the

CHote zarisit the relationship:
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2.2 HORIZONTAL IMPACT FACILITY PHOTOMETRIC DATA ANAIYS G-
PROGRAM (HIFPD)

Horizontal Impact Facility Photometric Data analvs» s [
gram (HIFvL) 1s a diarral computor proagram et
the Hyge Impact Facility Photometric data o r jirra s vl

tection Branch of the Biodynamics Bloengyineeorong oiv....on

AFAMRIL.. The program was compiled and executed ot o
computers at Wright-Patterson Air Force Base. ‘iw cran ! s
plot package 1s used to plot data and thus ~ast o v g0 0

load and execute the program.

This program inputs the code sheet iatas and wrooram ~or -
trol prarameters described in the section entitled "Desoriptvior
Program HIFPD Input Data and Parameter Codes” and 1 maximun vy 0
(MAXN) frames of x, z position data for the range, slod, hip, o
shoulder, elbow, head point | and head poirt 2 for ITYTE=3 ar
range, sled, head point 1 and head point 2 for ITYPE=1. The .1a';

card format are also described.

The program computes the followina four types of data as

requested by the program control parameters:

(a) The input data versus frame number and the frame to !
frame differences are printed in counts. The range Jd1iference
is subtracted from the frame to frame differences for each of the
seven parameters. The only value of this difference data woald
be to spot errors in the Jdata. When *he input data are rotabed
and translated (ICAM-1), the resultins adiastod It v ar
printed versus frame numb-r i(sti]17 In oonrta

{(b) The displacements (s 20l o cF e i, Kioee,
elbow, head roint 1 and head point 2 reiot o 0 n o
puted, and a1 movinag ocleveon point (NPT oyt s e sy
fit is used to smooth the data.  These oo S
requested on the test setup .rard.

(¢}  The ngles in radians between the s by oy b
and between the head toint 1oand head poont e oy it ousin e
the above smoothed data.  The anaular velncits s somratod In

.




radians per second using a movine 11 point cuadratic fiv 0 vl
angle versus time data (coeviutes derivative of loast sooare e
tion). The angular acceleration is computed using o oovin: oleion

point quadratic fit of the celocity versus tine fatx.

are also plotted as rtweiuested on the test sctunr Ca:

)

4

(d) The linear velocity and acceleration Jdxtz 0o 0 oo
bination of the eicht variables are ccomputed as reuestod o1 the
test setup card. For evample, the linear velccity oo Lo loeras:
of the head pecint 1 relative Lo the ranoe, sled relatioo o L

range or the head peint ! relanive te the sled can ol

©
v
q

fu
o
¥
A
Y

Note that range relative to sore other paramct
To compute these linear velocity and acceleration data, 2 oann
of

displacements are computed for the variable

to the reference variable. & omoeving eleven joint (UF=_0  fUoewr sLio
least square smoothing funcoion 1o appllec to Loth e o oo o b
histories. A moving eleven polnt guadratic reast couare it o3
then applied to these smoothed x and z-axis displacenent doaita to
obtain the x and z components of velocity. Next this sare srocth-
ing routine 1is applied to these x and z-axis velocity data to com-
pute the x and z components of acceleration. The resultant Jdis-
placement, velocity, and acceleration data are then corputed usina
these smoothed x and z component data. These data are printed

and plotted as requested on the test setup card.

The three external files used by this proeram are the input
file (unit 5) used to read all code sheet and data cards. The
output file (unit 6) used to print all output, and TAFET (unit
used to generate the plotter tape. A maagnetic tapoe mrst Lo e

quested with TAPE7 as the local file name.

The following secticns of this report present o tonct3l Jo-

scription of the main prosram and all subroutines coxcept the oAl

COMP plot routines. ['low chav's are alse included fop caci o0 o
Appendix C contains a cemylooo ligsting of the puoarar oo

and Appendix D contains a sonple ron o corolet. vl b i
output data (includinac oi0orn bt
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Mailn Rouh i

this

maln ro. oo oontro : . :
. neoreuestod he oo p ' '
. . rogalreas oo h it i
oodlos are cal . i ' :
trirr from o errar Tty o e £ :
18 routine.
Mechod
The wrogra T tle Sl . '
rored 1n the "Desocrrution of Druooras boowi! w SR '
Jdues ogection and Lartialicos the oo 1 v i t
rrers. The pr oo reaiTonho oo b :
o 1o data fon ; i) i
on J) for each Dvor cacodon T iy e
- code are checkod fouv tnput orr ors: crrora T »
canostics to be printed and the vrocessine ¢ e "t KR
more than MAXN trames are read, diagnoscics aro printad nngd .
~25 beyond MAXN arc cmitted from the analvris Thia o ToDroul
1 ave computed from the frame numboer as rollilows:
T(I)=IFR(I) /DT
~ IFE(I} 1s the fraase number and L7 L5 Lho namboer b Dank
Sosecond. If setup carvd parameter IRXN DS grooacery hnrno o
soon of all x axis data are changed. Algo vheen e i
rareter IADJ 1s creater than zero. adjustiment ooy RIS
“Toara added to acl and o ozoanis Ao Tter o tar
s, a summary page 1s printed listing all trpes o
reated, printe?. and plotted for othiis tond
when progr . sountro ] paramoet. . p
1mis data are printed 1o counts.  The b : : -
neer data are cortraho o it ] ’ P o :




XD(1l)=X(I,1) - X(I-1L,b1)
XD(J)=X(I,J) - X(I-1,J) - XD(1l).

-

XD(1l) 1s the range difference from the Lth frame and XD(J) is the

. . . - th . th
variable minus range Jdifference for the J variable and the I
frame. The above are also computed and printed for the z axis
data.

When code sheet parameter ICAM 1s greater than one (camera
1s on the sled) subroutine ROTATE 1s called to rotate, translate,
and calibrate the x and z axis data. When ICAM 1is less than one,
these x and z axis data are adjusted for shifts 1in the range re-
ference reading and then converted from counts to feet (in the

Main routine):

H1=X(I,l, - X(1,1)
H2=z2(I,1) - 2(1,1)
X(L,J) = (X(I,J) - H1) * CAL(J)
Z2(1,J3) = (2(1r,J) ~ H2Z}) * CAL(J)

where CAL(J) is the calibration factor for the Jth variable

1J=2 to 8). Next subroutine MEANl is called to compute and print
the mean and standard deviation about the mean for the sled re-
forence data. This provides an estimate of the film reading errors

since the adjusted sled reference should be a constant.

When program cortrol parameters IPC < 2 or IPA « 2, x and
7 axis motion relative to the sled are computed for variables 3

to 8 (or 7 and 8 for ITYPE=1l):

XD(I)=X(I,J) - X(I,2)
ZD(I1)=2(1,3) - 2(I,2}).

Subroutine SM is called to compute a moving eleven point (NP-11}
(quadratic least square f£it to smooth the X and 2 axis data. The
smocthed data are stored in arrays XX(I,JJ) and ZZ(I,JJ) where
JJ=J-2. As a result of the eleven point smoothing, five frames

are lost at the beginninc and ond nf the test data; this 1s true

A R A

P



po- el ./ Mg

2l tlme the  fabd qre sousoctios o anag e T ooy
AL S0P T DT SGL e it e D L A T . o

. smoothew Jdath relative to the =leel ety 4 e

The anale betweon i shoob b d ] S

for each frame using the abon =50 ot i S .

— T -

di=.3 L,J’,‘ - 2 ’

T | i

[T R N - K Ly i
4

“D{Iy= arsrvan il il

where index 3 is shoulder dats an creie Lo1g iy st o ehes 8 1

2
o
=
@
rt
o
T
3
D
3
8]
9
vl
)
PPN - PR

)
.

(NP=11) juadratic it of thoe Y7 e e oan it
1n radians ser seccond saaavaed Sroer oo T iy iy g o T ‘
of the velccity data. The anoiiay Jats v pordio o doarl, o !
IPA=C, subroutine CPLT 1s called to renerate (AL OMD icez o -
angular velocity and acceleration versus time (I%=I;. 311 abae
angular data are computed 1n a similar manneov for head voint

mirus head point 2 data (indices 5 and € in arravs MM oand 70

Parameter M contains the number of sets ~7 tinezy celosico
and acceleration data to be computed for one variable -azvrac 10
: Ce el -

relative to another (array IR). Por examp. o, 5 1D L=, and

Itdve b the g e 1

—

IR{1)=2, then fnr set M=1 the hip motion re

computed for all available frames.

M < 0 and IPL data for varvriab.os J=0 ke o4 are

a9
o
=

adjusted by subtracting the inicial »2iae 3w ol we:

XOT,0)=X{(T1T,JY - & 1,.0)

where all « and z data ha o rrovioasly boor o e o o

te feet. For ecach 0f she M osot . vhe Tl bowin s ase ey s
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(1)

Subroutine Length:

Labeled Cormon Length:

Blank Common Length:

2.2.3 Subroutine SM(X, Y, YC,

NP - number of points used in least
square fit

[1 - first point used in composite
plot

[2 - last point used in composite
plot

XX - array o:r x axis displacement
datu

Z7Z - array of z axls displacement
data

ICAL - rflag array which identifies

derined data

WCAL(J) = 0 - g% variable
dnde frned

‘s
.. vl
[0A 03y = 1 -7 carrable

15 detined

HEADL - array contalning variable
names used 1n legend

TEST - test i1dentiflcation used
in legend

IRX - flag used to setup composite
plot X axis scale

DYLP - y 1ncrement per inch tor
linear plots
16128
248
70668
N, NP)

Subroutine M 1s a smoothing routine which computes

quadratic least sguare tit or NP dependent variable data points

to compute each smoothed data point (YC). Since NP data points

ire used to compute: each smoothed polnt, M data points are lost

the beginning and oend ot array YC, where

M= (NP-1) /2.




-—_——-__—'1

Method

The first (MM) and last (NN) array indices for which YC(I)

are computed are determined as follows:
MM=M + 1
NN=N - M

where M is defined above and N is the number of original displace-
ment points in array Y. Subroutine QLSQ 1s called to compute the

Cl' C2, and C, coefficients for each of the I smoothed points which

3
are then computed as follows:

YC(I)=C, * X(1)% + c, *X(D) + C,. 4

1

A flow chart for this routine is shown 1in Figure 8.

Error Diagnostics: NONE

Subroutines Required: QLSQ

>
il

Argument List: array of independent variable

<
it

Al

array of dependent variable

YC = array of smoothed dependent
variable data

Ay

N = number of original displace-
ment versus time data points

..

NP = number of points used to
compute each smoothed data
point

Subroutine Length: 758
2.2.4 §ubr0utine DERIV1 (X, Y, YP, N, N, ID)

Subroutine DERIV]1 computes the derivative (YP) of the

dependent variable Y. A quadratic least square fit of NP points
is used to compute each derivative point; thus K polnts arc lost '

at the beyinning and end of arr.y UP:




SM

—

12 )]

Zcrmpute indices o
flrst 'MM) and last j
N) qmocyhed cata

=

}

Zompute indices cf
first (N1) and last !
(N2) points used to

compute the I smoctii-

!
| Call QLSQ to computs
! - . .
. ccefficients for ta .
1 N . v
™ smoothed point
. . "
i v"ﬁ t
i Compute I smootned
! data point: ,
]
fYC(T) = cl*:x\u ‘
TS, MUI) T
i )]
. —_—

Figure 8. 3SM

L.



Y
ol

K=M+M* 1D,
M = (NP - 1)/2,
IDb =
Ib =

V.o that oy 1D = 1,

Lave already been smoothed using
LY opoints;
For ID = 2,

(13 tacerent data.

T L OC L Ll./')

Method

The first (MM) and last

Lie cemputed are determined as follows:

MM = K + 1

n
z

l
=

NN

whore K and M are defined above
tisplacement data points.
coefficients

3
The derivative YP (I)

he C,, C,, and C
1 2

caints.

YP(I) =

A flow chart for this routine 1s shown in Figure 9.

Error Diagnostics:

Subroutine Required:

Argument List:

1 for first derivative,
2 for second derivative

array Y contains displacement data which
thus, M points have already been lost from the original

array Y contains first derivative

data which starts at array location Y(2*M + 1).

Subroutine QLSQ is called to compute

1s then computed as follows:

2%
2% C *X(I) + C,. H

and

a guadratic least square fit over

(NN) array indices for which YP(I)

and N is the number of original ?

for each of the I derivative

NONE

QLSQ

X = array of independent varilables

Y = array of dependent variables
(displacement or velocity)

YP = array of derivative data

N = number of original displace-

ment versus time data points

number ot voints used to
compute cach derivative point

NP

[
s




1 < o) e} '
first inl) and last }
"Nl points for 1R f

d 1

.
SOMLUT s L Jerivetlv

|
value: i
TE(I) s 280 AKID) ¢ i
[

.  keturn
N e e .

Frgure 9. DERIV]1 Flow Chart.
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RV

YLoc Lty

T Tt AL ‘
At o vy
weelor v
Subroutiiie Length: Ty
_ 000 subroutine Ll (X, Y, NI, NZ, C)
Subroatine LS uses the motpcd or o oas 2 '
Sortite mhe cadratic coeddicients 0., 0, an . .
L - Y
ot form:
5
N TV
¢ C -]
13 o
Tor PN data points (Fho= N2 o~ NI o+ 1y orfrop 1l P
NI %o N2. PN must be an odd integer 2.
Method
The inderendent variable X(I) 1g -raingias i
FF, where
FF = X(NN),
o= NLo* N2
and XP(IY = X(I) - IF.
The auadratic eguaticon in terms of the transiated oo 1

variable 1is

Y=A

*

*x'!“+

-

RO

-

. r" B -
1 2
The least square residuals are a minirum when ' he o]
satisfied:

Al roxpt oA s s Al x X =t

tions are




where summations of XP and Y are computed for index [ ocgual i

N2. Determinants are used to solve the above system c! cguationz

for the coefficients Al, A, and AB. The Fl' T Ao

are computed from Al, A2, anda A3 as follows:

Clel

= - 2% A *xp
C2 A2 2 1 P

= = < - A * rE
C3 A3 + Al FF Ay f

A flow chart for this routine is shown in Ficure 10.

Error Diagnostics: NONE

Subroutines Required: NONE

Argument List: X=array of independent ayroob)

Y=array of dependent variaki e

Nl=index of first point usad
in fit

N2=index of last point used
in fit

C=array containing guadratic
coefficients.

Subroutine Length: l348

2.2.6 Subroutine ROTATE(N,J1l,IPR)

Subroutine ROTATE translates, rotates, and calibrates

on-board camera data stored in arrays x and z. All Zdata are ‘v

lated to a coordinate system through the sled range reference
(first x, z point for each time). The axis is then rotated s

angle between the sled range reference and the sled reference

AAAAA

(second x, z point for each time) is the same for all time s: a3+

i.e., all angles between the sled range reference and sle!
ence are the same as the anale at time zero. The Jata aro

bl .
P

translated back to the initial coordinate system {at Ui

36
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- 2
| E T !
| Fr o=y l
[‘xm:) = X(I) - FFJ

|
| 5T |
i X¥ , XF , XE7, ¥F,i
§ S
.“‘ ~
XP Y, XP.Y, andé
¥ for I = Nl to N2

Compute Quadratic
Coefficients C(1l),
C(2), and C{3)

|

Return )

Figure 10. QLSQ Flow Chart.
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Method
j For the first time station, the range x and z data are

subtracted from the sled reference x and z:

X1=xX(1,2) - X(1,1)
Zl:Z(ll2) - Z(lll)

These differences are used to compute the reference angle QR:

5R=arctan (Z1/X1)

If “r is less than zero, then

8 =9
R bR + 360.

This 1s the reference angle between the range and sled reference
points. For all other time stations, the axis through the range
reference is rotated to make the angle between the range and the

sled reference points the same as Note that for this first

fa]
Shp
time statlion none of the x and z array data are rotated or trans-

lated.
For time stations I=2 to N, the following are computed:

(a) All data (J=2 to 8) are translated to a coordinate
system through the range reference as follows:

X(I,J)=X(I,J}) - X(I,1)
2(1,3)=2(1,J) - 2(1I,1)

(b) Angle Gi is computed from the sled reference dif-

ference:

?i=arctan (Z(1,2)/X(1,2)]
if di is less than zero, then

do=n .+ 360.
i1

38




|
o th .
(c} Angle ' 1is the an:le by which the | points hoe
; been rotated with resyoect ro the initial
1 R
(d) The inverse rotation (or rotatiorn by - @ 1§ o=

puted as follows for paraneters J=2 to 3:
X(I,J)=Xx(1,J) * cos* + 2(I,d) * sin-
Z{(1,J)= -X{(I,J) * sin + 2{(1,2) * cos-

(e} The data points are then translated back to the

initial rance coordinate svstem (at time zero;:

X(I,J)=X(1I,7y + X(l,1)
Z(1,J3)=2(1,J) + 201,01} ‘

’
=2 tn 2% are con-

—

(f} All x and z data for parameteors
verted from counts to feet:

X(I,J)=X(I1,3) * CAL(.J)
Z2(I,3)=2(1,J) * CAL(J)

This subroutine also prints a listinc of frame number
versus parameter X, z data in counts when IPR 1s less than one.

A flow chart for this routine is shown in Firorure (1.

Error Diagnostics: NONE

Subroutines Required: NONE

Argument List: N = number o:! Jisgplicere
time data pzoints
Jl = index of first pararoeter

sled reference., For 1w
Jl=13; for ITver-3, -

TPR = print control oargretor
Blank COMMON
Variables (used by
thlis subroutine): [FR = array containir: frare
X = array o x o darsylaeerent
o oaryay g oo brer Lot
)
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-
v e




CAL = array of calibri:
feet wer oo

XD = dummy array used b
date for praintin:

200 = dummy ar:oay
ddta Lor o Lrinouo.
subroutine Length: 2508
Blank Cownon Length: 234348
2.2.7 Subroutine MEAN1 (N,X,2)

deviation about the mean for x and z avis sled roceroono
Me thod

Compute the mean of the = and z axis Jd.:

1 N
AVX = N CX(I)
I=1
N
AVZ = é IZ(1).
I=1

¥ and z axis value:

SMX R
[X(I)=-AVX]"©
1

1l
-
W=

N-1

SMZ VN -
S PGS\

[=1

I

£

subroutine MEAN] computes the mean and the ssan ooy

Then compute the standard deviation of the datae aboas ol




Finally, »rint the mean and standard deviatinn datrs on the standardd

output file.

Ao tiow chaart tor o thvra reagt dnee g e pr T 10
£rror Diagnostics: oNn

Subroutines Reguired: NONE

ﬁ{igﬁiﬂfaﬁiﬁﬁz N = number of x and 2 = data
points
T o= oarray ot v oayis oata no1nts
7 - array of z axais «data points
subroutine Length: Plbg
2.2.8  Subreitine MEANZ (N1, N2, DI, DC, XD, 2D, SMX, S¥X2,

SMI, SMZ2)

subroutine MEAND computes the mean and standard Jdeviation

nf unsmoothed minus smoothed ¥ and z axis data.

Method

The sums and sums of squares of the unsmoothed minus

smoothed data are computed as follows:

N2
SMX = T DI(I) - XDI(T)
[=N1
N2 5
SMX2 = 7 (DI(T) = XD(T) ]
I[=N1
N2
SML = DC(T) = ZD{I)
I=N1
Nz )
SMZ22 - [nCeiy = 2o )’
=Nl
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Figure 12. Mpanl Flow Chazt.
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ST ot a5l ahove are defined in the argqument list pelow.
3 (3N oand SMZ) and standard deviations (SMX2 and SMZ2) are
t

hese sums and sums of sqguares:

RS JORER
A i
‘ol oo
VT N
13
NN _ S
i Ve T m Ll
A B

Lu0w Tharst oHr this routine 1s shown in Fiaoure 7

Tryor Draagncstlcos: NONE

—

Subroutines Regqulired: NONE

’

Argument List: N1 = index of the first data

point used in the summa

N2 = index of the last data point
used in the summations

o]
I

DI = arrayvy of unsroothed w amico
data points

DC = array of unsmonthed z axis
data points

xD = array of smoothed % axis
data points

ZD = array of smoothed - an1s
data points

RV

SMY¥ T mean x oaxis «datna

SMX2 - standard deviation o w oamain
data

SMZ = mean 2 oaxis olatn




Y




SMZ2 = standardd el un s T aMls

datua
subproutline Lenathi: 768. i
IR Pata Preparathion for o inpuat to HIFRD
Plejprar tL ool af tata Iar Dl oat b (RS P Dol
R B LI ULZ 1y The editing funcution providdes 1le Urane-vo-

Tlne Jontarsion oand oCo o courdinates to Llune of motion cocrdlnates

ULVerslion ractouls. The diagitizing function crovides the Jrame-

ve-Irane “reading" of the projected film frame coordinates. The

eererences, or "standards," regulr

ed to process the data are Tilm

Do rererarce palses and surveyed fiouner sls rnotwo pluancs normal

Tioeroopteeral o oasis o theer Cunera.,
Dtmineg ol the Sl frdiles wds Jdo o calouwlavon
the averzie f1lm speed over & span ol appro 7 Irames
L0 mseo . i
K
: . : . , i "
The rirst rrame 1n which the stroboscopic flash was ob- 4

served was Jdefined as t=0. The strobe, initiated by a tine

hronteing pulse which was also recorded on the magnetic tape

St irnon, actoally o aives ot 1andication within 2.0 nilliseconds
L7
: pac, gt the nominal f1in ospeoed ~f 500 frames ner second with

toldn Y oshatter. Jince the flash 1s not observed 1n fi1lm rrame
D001 ang 18 observed 1n film frame 0000, it 1s apparent that 1t
wis 1nitlated between the closing of the shutter on film frame
-N301 and the closing of the shutter on film frame 0000. During
Tt tests, the intensity of the first observed flash would in-
f1vate that 1t was 1nltlated between the closina ot the shutter

onorrane -0001 and the npeninag of the shutter on frame (Q00. It

*irs 18 the casce, the cndrcation couid be consideored to be
v
ar ot to, =0, 102 milliscoonds, t.e.,

5607 = 140~

W L MseC = 1L oo Ui,

160 °




Poeriiniallonnoo D e stant Loohae g Laend
ThHoe lloitlooet readings oo the oanthro oot clnts o the sub eot
L ctreel that the followine bho wnown.,
1 Jheoddistance, normal to the plane of osynmetry of tho
ibect, tren that plane to ocach ot two wlanes, jparallel to -he
i . SLTITO DU, L Wl Yl r el e Didducials woere marsod.
(D Jhe clistarnces, DGlas to o the poane o!f svmpetyvy of
e sl ceot, rom that plane to oecach of the anthroponctric polnts
L Traca .
v ") Thar the opt:cal axis ot the primar, Ccanera was
el toothe olane of symmetry of the subject.
i The distances, between Jenters, of the rofero o
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The Ccoordinates <L the tolerelne riiueoils Yothe Tt he
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radings of these coordinates wuord Lhell e i1 Tne A fltal
distance between the averaued coordinates or eaon palr was calou-
lated. Dividing each of these dijiral distances by the corra- 1
sponding measured dimension berween fiducials vielded conversion k
ronstants, 1n terms of "oounts per foct”, i o twoe o lanes norral o to
the wpbilcal a2mis., Hawvi! rctormy e b orhego N e o onsbant
and baving measnred the dloran : ‘ S O RS es ]
whlch the fiducirals lay, the distoncs aloda L Loan.s ron
the tocal point of the lens to ecach of these pianes ana the @ lanes
of symmetry could then be calculated. (See Figule 4
Prior to each test run the breuadth of the sabiect was
reasured at each tracking fiducial lucatlon wlih an anthrorometor.,
Assuming that each subject was symmetrical, thne listance fvom the
Lliane of symmetry fo cacth ftracking cponncl ol e derineed AT
Gttt the measured breoadon of e osudooo ' : i oAt o
onversion constants Tor ocach s lone g ! ' sl o : -
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were added to the file. This file was then copied on the card
runch and printer as a time saving measure in case the disk file

should be accidentally purged.

At this point the program HIFPD could have been attached
and executed; however, the normal procedure was to obtain the card
files and submit them in the batch mode on an overnight schedule.
This permitted the connect time to be used for read-in and editing

of additional data files.

Descriptions of specific procedures are presented in later
sections, and the composition of a deck assembled for a typical

computer run is illustrated in Figure 14.

2.2.10 Description of Program HIFPD Input Data and Parameter
Codes

I. Program Setup Cards

A) The first card in the setup deck must contain the
date in columns 1 to 10; for example, 12 FEB 74 or FEB 11, 74

(only one date card per job).

B) The following four or five cards are required for

each test in the computer job:

Card Number 1

Column Format Data Descripticn

1-80 8A10 80 columns of alphanumeric information which will
be printed at the top of each page.

Card Number 2

1- 5 AS Test number
6 11 IRX-~-flag controlling polarity of x-axis data -
blank or 0---no change
l---change sign of x-axis data
7 Il IPR--flag controlling input data and difference
printout - blank or 0---print data
l1---omit printout

49
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Card Number 2 (Continued)

Column Format Data Description

increment per inch (see parameter IPL).
Default is 2.5, 5, 10, 20, or 30 dependin:
on the range of the data.

Card Number 2A -- required only when IADJ > 0.

1-10 F10.0 Time calibration--number of frames per seconcd.
May be left blank if film speed is 500 frames
rer second.

11-20 F10.0 SLED calibration in counts per foot

21-30 Fl0.0 HIP calibration in counts per foot*

31-40 F10.0 KNEE calibration in counts per foot*

41-50 F10.0 SHOULDER calibration in counts per foot*
51-60 F10.0 ELBOW calibration in counts per foot*

61-70 Fl0.0 HEAD POINT 1 calibration in counts per foot
71-80 F10.0 HEAD POINT 2 calibration in counts per foot

NOTE: The decimal must be punched in the above data fields

unless the data are integer and are right justified.

Card Number 4

1 11 9 in column 1 to indicate the end of test input

NOTE: Cards 1, 2, and 3 are placed in front of the test deck

and card 4 is placed after the last frame in the test.

C) The last card in the input deck (before the end of

job card) contains the word "END" in columns 1 to 3.

+ . : N v v T ey
*The calibration field for these variables must be coro ar hiané

for ITYPE=1.

59-60 I2 NP--number of data points used in the guadratic
fit. NP must be an odd number - 3; default
is NP=11.

61-65 F5.0 DYLP--velccity and acceleration linear plot scal:s
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Frame number

¥ reading in counts for Range data

[

reading in counts for Rance Jdata
x for Sled

2z for Sled

x for Hip

z for Hip

2 for Knee

z fcor Knee
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Card Number 2 (Continued)

i

! , Column Format Data Description

‘ 41-47 17 z for Head Point 1

| 48-54 17 x for Head Point 2
55-61 17 z for tlead Point 2

IV. Card Formats for the Test Input Data Cards for I7yrE=:

Card vumber 1

2- 5 14 Frame number

6-12 17 x reading in counts for Rance data

13-19 17 z reading in counts for Range data

20-26 17 < for Sled

27-33 L7 z for Sled

34--49 17 wotor o diead bPoint L
41-47 17 tor Head Paint ]
48-54 17 tor o fHead Point 2
55-61 17 - for Head Point 2

NOTE For ITYPE=1, only 1 data card is read for each frame.

V. General Comments

A;  +I there are any errors in frame or card identi-
fication numbers, error statements will be oprinted at the top of
the first outjut pace for the test and all computations after the

listing of the input data will be deleted.

3) A maximum of ) frames (MAXN) will be read for
each test. If the test input deck contains more than 300 frames,
only the first 200 will be processed. This could he chanced b

changing MAXN and the array dimensions in the proaram.

C) [f the calibration factor for a —cariable is miog-

ing flag ICAL(J) is set equal to zero and that variable w1l

deleted from the analysis.
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Fach of the volunteer subjects wus exposced to each impact
accelercuion level three times: once with the riaid harness, ornooc
with an gperational harness, and once with ¢ nyion harness. The
duinsty tests which were evaluated consisted of throe cxpcsures -0
-t G lppaces and three exposures te -10 G impacts. The aultny
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Item

TABLE 1

DEFINITIONS OF PRETLST DATA ITIEME

Definitions

O @ O w
H 2 2 W

0 ~) O U e W N

11
12
13
14
15
16
17
18
19

Restraint Harness Materilual

Nominal Impact Acceleraticn -G )
Test Number )

Date of Test (Year, Month, DZuv)
Weight (Kg)

Height of head band fiducial above sled
Height of shoulder above sled deck
Height of iliac crest above sled deck
Trageon to 9TAP origin

Trageon to headband fiducial distance
Shoulder tc elbow distance

Elbow to wrist distance

Hip to iliac crest distance

Hip to knee distance

Mid-thigh to knee distance

Knee to ankle distance

Breadth at trageons

Breadth at shoulders

Breadth at elbows

Breadth at hips

Breadth at knees

Breadth at ankles

Mid-shoulder height. Distance along seat back
line of intercept of seat pan plane and seat back plane
to a line normal to the seat back and tancent to the

surface of the shoulder at the centerline orf

shoulder strap.
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2.3.4 Photogrammetric Calibration

Calibration of conversion constants was based upon the
method illustrated in Figure 4 . The fiducials on the lexan parnc!
(y= =-32.062) and the side of the seat pan (y= -8.0) were dlgit:zci
and the average conversion factors for those planes were calcu-
lated to be 2787.13 counts per foot (cpf) and 1650.74 cpf respec-
tively.

Referring to Figure 4 the following values were assignad:

ro = r02 = 1 foot

rp = 1650.74 counts
r = 2787.13 counts
p2

So - 502 = 24.062 inches.

The distance, r, from the axis at which the ray from
Pg to the focal point penetrated the object 2 plane was calculated
to be:

T . rp i
o2z Tp2
_ 1650.74 counts
r=1 foot x (2787.13 counts
r = .592 foot = 7.107 inches. '

The apparent distance from the focal point to the plane

y= -8.0 inches was calculated to be:

s r

o:

S0-502 rOZ-r
ro
s = (s -s ) | —)
o o To02 r02 r

_ . 12 1nches
SO = 24,062 1inches (4.893 Thohos
s = 59.0l inches.
o
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Caloulation 9 o conversion constant, fr’ for any plane,

v=n, wis then accomplished using

~hien y=n=one halt the measured breaith of the subiect bhetween an-

thropometris points on the left and right side

PR Data Deduction Process

]

The data reduction process consisted of data editing,
draltizine, and electronic data processing. Film editing and
disitizins wire accomplished on the Producers Service Corporation
Todel UVER ZIllm analvzer (PVR) interfaced with a teletvpe terminal
ITY D with paper tape punch. Tape to card conversion and elec-
tronic processing and plotting were accomplished on the CDC Cvyber
74 System at the Aeronautical Systems Division's Digital Computa-
tion Facility (ASD/AD) in Building 676, Area B, Wricht-Patterson

Alr Force Base.

9]

.3.5.1 Editing

The primary camera film was viewed on a licht
table and the frames and .0l second timing pulses were counted
throuchout the event. The frame exposure rate (frames per scecond)
was scanned [{or consistency and *“he average frame rate was calcu-
lated. During each run processed the frame rate T constant,
+1 frame per second, durinag the 300 millisec s ~'lowing initla-
tion. During the proaram film speeds ranaed firom 462 teo 3195

frames second.

The f1lm was mounted on the PYVR and was trans-
corted forward in o the caine mode until the operator nbserved that
t e

“he =sub et et isn bl apparontly terminatoed. The numboer

Troaree wWarE o st s terminatioe bime

T




S.3.5.2

Digltizing

Upon completlon ¢ che el ting ooy o, 0
1ImM was transported reverse o Iralc o s, tioo tilst Dl

which the strobe tlash was observed.

Seat Corward frducial

[
.

ro

. seat att riducial

Hip fiducial

(o9}
.

4. Knee ¢fi1ducial

shoulder tiducial

Ut
.

6. Elbow fi1ducial
7. Traceon riduciral

8. 9TAP mount fiducial

The digital wvalues o shose o ot 0 res
ceeded by the frame number, were punched INta Loaper oo 1 U
format (I5, 8F7.0/15, 8F7.0). Each of the SF7.0 e lis ontarne !
four palrs ot coordinates.

After the coordinates proiecced Tron Trane Ser
were digitized, the coordinates from each succeoding Triare we v
digitized 1in the same sequence until frame 150 avprosimatin 100

msec) .

2.3.5.3 Eluoctronic Data Processinag

This portion o0f the pProcess rogallod three ro-

cedures, data preparation, computation, and Dlortino.

Data Preparation: Durin: the data prepararion

procedure, the file recorded on punched paper taipe was communioateo
to the computer at ASD/AD from a TTY via voice aual:itv .ines, The
file was then edited to correct format and, or character errors
and was batched to a card punch Yor creation 50 the voermarne nt Ol
Joncurrently, the ldentification, controed, and oo s onst e
cards required by proyram i IFPL were nanched T orer merowini i

card file.




The identification card contained alphanumeric

intormation in cards columns (cc) 1 thru 80 which was printed on
output tables as table identification. The form used was RSD

= 'tDY, SUBJECT--, RUN~---, YYMMDD, material. The next to last

atry 1s the date on which the test was conducted in terms of vear,

month, and day of month.

The control card contained the test number and
srogram control switch characters. The format and definition of

switching functions is listed in Paragraph 2.2.10.

The conversion constant card contained the film
speed (frames per second) and conversion ccnstants to be applied

o the second, third, and fourth pairs of coordinates on the first

line read from each frame, and the first thru fourth pairs of co-
crdinates on the second line read from each frame. The format

for this card was (8F10.0).

Upon receipt of the card file of PCS coordinate

readings, 1t was merged with the previously punched ID, control, b
and constant cards, and the computer control cards for submission
to A5S5D/AD for computation. The composition of a typical computer

run deck 1s illustrated in Figure 14.

Computation: Film frame coordinate positions

~L the tracked points were converted to 2 dimensional seat coordi-

nate time histories by program HIFPD.

The PCS coordinate readings of the two reference
tiducials from the first film frame were used as the basis for the
location of optical axis relative to the reference points and for
the angular relationship between the axes of the PCS and the SCS.

Readings of these points from each subseguent film frame trans-

tated and rotated the PCS coordinate system to coincide with the
orientation of the first frame. This was done to minimize errors

due to vibration of the camera during the test event.




The Jdlsplravemo nst

e e

second reference polnt was Salotiat.e oo

nates by the conversion constant car . A
from the oprtical axis of cach cf the tri-noo
by dividin: tts FUS cooriirates by opis oo
values or x andg o displacCenments frocs Lo ot
ference polnt wis then subtracted 1rom oo
of each ¢r the trackKed polnts vel.oaln o s oaillos
polnt ro.oanlos T the relerclle patint,
calculated Cocriinite sYSTeD fiaa Lol U

of the aft seat reference fiduc.al.

positions, HIFPD comput

histories of each point, fitting 4 movin: o0 or
points during each differentiation, a
accelerationr time histcries of the 9TAY ~oirs
and of the shoulder about the hip noint; azal- -~

qguadratic arc to eleven polnts during cach ailr

The resulting time historios v

9]
Hh
O
(o
e
3
—
D)
~
.
'
B

tables and written on magnetic tap

Plotting: After examira-.on oF

results of the computation revealed nc arr:

plot request was submitted to ASD,AD. The dana o
magnetic tape by HIFPD were read and plcttos

COMP Plotter.

2.3.6 Results and Accuracy

The results of this effort were deliveren
tories of displacement, velocity and accelerati o

graphic forms.

>4

Analysis o

the provasat.on oy wr:

points resulted in a mawimum estinated oo
il

points except the elbow.” [Duarine all t.ose

strated lateral mation bEowar i the oopane o ETm

2Graf, P.a. and H.T. Moalsan, S . . .
Data, AMRL-TE-73-T6, Aprii, =i, S o
Laboratory, Wwriht=Datter s o S 0o e o0

.4



P iy

extremities extended forward from the seat. These latcra. wxour-

sions of the elbows caused the breadth across the elbows to apnroach
bt not become less than, the breau 1 across the shoulderss ot maxi-~

mum extension of the arms. The mean of the mawimurm latera. oxour-

s10on ¢f the elbows was 1.96 inches from a mean later: <lsu acorment

vl

ad

+ 1lnches from the plane of svmmetry to .58 inches. The
cestimated error 1n solutions te elbow coordlnates at mawir im emw-

tension cf the arms was 0.23 inches.

From a study conducted by H. T. Mohlman ¢f the UDRI, the
cvrfects of smoothing the raw solutions and the first and seccond
Jurilivatives may be summarized as follows:

(1) Attenuation of peak values cf displacement, velccilty

and acceleration is a function of frecguencr.

{2) The eleven point cuadratic fit yields clecser correla-
tion than either seven, nine, thirteen, cr fift

point guadratic fits.

(3) The attenuation of any specific displacement, velocity,
or acceleration peak would be reasonably predictable
if the freguency of the peak could be properly inter-
preted. A technigue used to evaluate the freguency
response characteristics of the smoothing filter is
described in a later section (page 115) and is de-

tailed in the above reference repcrt.

wscillations in velocity znd acceleration curves are

s

sredominatly artifacts induced in the smoothina fit.

The nforenced work included lnvestication of samplins
thecry and application of the guadratic fits to digitized photo-

metric Zdata acguired during BPRD tests 172 and 173.

The accuracy of the digitizing was checked usinc the
standard deviation about the mean for the soluticn of the rear

seat reference point with respect to the forward reference polint.,

The standard Jdeviations were:
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were considerably lese than the estimated maximum

:nch.

INJURY PROTECTICH CCMFPARISON

r subjects have peen widely used to assess patterns

niury resulting from exposure to impact environ-
;essments nave been used as the basis for predict-

ity of 1njury to livinag beinas who might be sub-

ar environments.  An investigation of the reliability

3
*

oolatury protecticon assessments was reguired to

petween livinag subijects and cadavers.

av e .
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The Impact Protection Branch of the Aerospace Medical Re-
search Laboratory (AMRL/BBP) conducted a test program to compare
the responses of live anesthetized baboons with those of baboon
cadavers. The intent was to match live animals with cadavers of
similar anthropometry in pairs for comparative analysis. The data
presented herein were derived from cinematographic recordings of
the body segment responses of the subjects during -50 Gx simula-
tions conducted on the AMRL/BBP Horizontal Impulse Accelerator
Facility during December 1977 and the AMRL/BBP Hydraulic Decelerator
Facility during May 1978. These facilities are both located at
AMRL/BBP, Wright-Patterson Air Force Base, Ohio.

Eighteen tests were conducted on the Horizcntal Impulse
Accelerator Facility. Six tests were conducted using a scaled
three-point harness, three (1444 thru 1447) involved live anes-
thetized subjects, and three (1449 thru 1451) involved cadavers.
A camera malfunction during test 1446 resulted in loss of photo
data from that test.

Six live anesthetized subjects (tests 1453, 1454, 1456,
1457, 1459 and 1460) and six cadavers (tests 1462, 1463, 1464,
1466, 1467, and 1468) were exposed to the impact environment
while restrained with a military type harness. Photometric data

from these twelve tests was good and was reduced.

During the -50 Gx simulations conducted on the Hydraulic
Decelerator Facility in May 1979, six live anesthetized subjects
(tests 103, 104, 105, 10€é, 108, and 109) and six cadavers {(tests
110, 111, 113, 114, 115, and 116) were exposed while restrained
with a military type harness. Because of a camera malfunction
during test 110, photometric descriptions of the responses of

only five cadavers were available for comparison.

2.4.1 Requirements

Primary requirements of the photometric data analysis
effort were to derive, from cinematographic recordings, time

histories of coordinate positions, velocities, and accelerations
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positive to the right of the seat along the horizontal line, and

the z-axis was positive upward along the zenith line.

The Photosonics model 1B cameras, with 8mm lenses, were
mounted onboard the sled. The primary data camera was mounted
with its focal point at coordinates (11.84, 53.12, 3.88) inches.
Its optical axis was normal to the plane of symmetry of the seat.
The front view camera was mounted with its focal point at coordi-~

nates (63.65, 0.75, 4.0) inches. 1Its optical axis was parallel
to the x axis.

Seat reference fiducials were applied to the RH side of
the seat frame structure at coordinates (2.28, 5.88, =-3.7) inches
and (10.70, 5.88, ~4.29) inches.

2.4.3 Photogrammetric Calibration

Review of films of the first tests demonstrated severe
"parrel” distortion of the image (magnification decreased as dis-
tance from the optical axis increased). A grid board, made of
flat black plywood with a l-inch by l-inch grid of white threads,
was held with its face in the plane y=0 and was photographed on
the primary data camera. The grid board was then held with its
face in the plane x=.5 inch and was photographed on the front view

camera.

The film image recorded on the primary data camera (side
view) was mounted on the Producers Service Corporation model PVR
film analyzer. The grid system was rotated until the horizontal
grid line closest to the x-axis and the vertical grid line closest

to the y-axis were parallel to the respective axis.

The intersections of the vertical grid line images and
the x-axis were digitized from the line which coincided with the
y-axis to the grid line 32 inches forward from it. This was re-
plicated twice and the three sets of readings were averaged. The
average readings were p'otted versus grid board displacement

(Figure 18). Since program HIFPD was used to process the data,

Lo o1 commiii—.
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1t was lncumbent that the readincgs be moidifiedl U nresert o Dl
relationship between observed point distance from the osprioal aoos

and corrected image dis-ance from the optical axis.

AS 1s the case with most fine wide angle lensez, the
linear displacement of an image point from the optical axis approxl-
mated a direct relationship to angular displacement from the cpti-

cal axis to the line from the focal point tc the observed point.

From readings of grid lines in the relatively undistorte:

| central portion cf the image frame (cos . - .99) a:

on the seat frame structure, the apparent .1i

r
{]

tance from the “ocal
point to the grid was calculated to be 60.63 inches by the methnd
illustrated in Figure 4. Using an arc of radius 60.63 inches
each reading was modified by dividing by the cosine of the ancle
between the optical axis and the ray from the observed point. &
conversion factor was calculated in terms of ccunts read per inch
grid displacement for each point. The best straight line fit to
the resulting conversion factors was calculated to be 136.1 counts

per inch (1633.2 counts per foot). The coefficient of Jdetermina-

tion (rz) and correlation coefficient (r) each exceeded .9999.
Application of this conversicn constant to the modified readincs
resulted in solutions within + .10 inch. These results are tabu-
lated in Table 12 and plotted in Figure 13. The mean of the errnrsz

was .0206 inch and the standard deviation was .(0345 inch.

2.4.4 Data Acquisition

Prior to the start of the test proagram range survey data,
presented in the Photometric Range section, were measured and re-

corded.

During prewvaration for each Jata run, :i:igcials wore
marked on the anthropometric points tn be tracned. Thero U5 viea
were applied with a bHlack feolt rio ark r oaoree ne sl -adhory oo
fiductals had been found to of Soctorai il v Sl G

subects

-V
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The anthropometric sitting height of the subject was

measured while the subject was lying on its side. The measure-

ment was taken from the lower base of the tail to the level of

the brow ridge.

After the subject was positioned and the harness preten-
sioned, the lengths of the body segments and breadths at the
shoulder, elbow, and knee fiducials were measured and reccrded.

The sitting height was again measured from the seat pan to the

brow ridge along a line parallel to the seat back. These data
along with subject and run signature data were recorded on a
pretest measurements form. The data are defined in Table 13 and

are presented in Tables 14 thru 16.

Cinematographic recordings of the subject were made on the
cameras described in the Photometric Range secticn. The data
cameras were operated at a nominal speed of five hundred (500)
frames per second from time t= -2.0 to t= +2.0 seconds. Timing
on the films was accomplished by a pulsed light emitting diode
(LED) driven at 100 pulses per second. Synchronization was accom-
plished by a strobe flash triggered by a t=0 pulse simultaneously

recorded on the electronic data acquisition system.

2.4.5 Data Reduction Process

The data reduction process consisted of data ed:iting,
digitizing, and electronic data processing. Film editinag and
digitizing were accomplished on the Producers Service Corporation
model PVR film analyzer (PVR) ibterfaced with a teletype terminal
(TTY) with paper tape punch. Tape-to-card conversion and elec-
tronic processing and plotting were accomplished on the CDC Cyber
74 system at the Aeronautical Systems Division's Dicital Computa-

tion Facility (ASD/AD) 1ir. Building 676, Area B, Wriaht-Patterson

AL Torce Pase, Shilo.

L% iR




TABLE 13
PRETEST MEASUREMENTS

Subject Identification.
Weight of Subject (lbs).

Sitting Height (cm) measured from seat pan surface
to brow ridge, parallel with seat back plane.

Distance (cm) in x-z plane between tip of snout and
center of head accelerometer pack mounting

Distance (cm) in x-z plane between center of head
accelerometer pack mounting screw and jaw hince

Distance (cm) in x-2z plane between jaw hinge point
and shoulder point.

Distance (cm) between the shoulder point and the
hip point.

Distance (cm) between the shoulder point and elbow

Distance (cm) between hip point and knee point.

Anthropometric sitting height (12 cm; 13 1in).
Measured from lower base of tail to brow ridge
while subject lying on side.

Breadth (cm) across shoulder points.

Breadth (cm) across elbow points.

Data Item Definition
1 Test Run Number.
2 Date of Test Run.
3
4
5
6
screw.
7
point.
8
9
10
point.
11
12, 13
14
15
16

Breadth (cm) across knees.
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2.4.5.1 Editing

The seat side view camera film was viewed on
a light table and the frames and 0.01 second timing pulses were
counted throughout the event. The frame exposure rate (frames
per second) was scanned for consistency and the average frame rate
was calculated. During the test program the film speed ranged
between 485 and 515 frames per second. During each test run the

film speed was constant +1 frame per second, during the 200 milli-
seconds following initiation.

2.4.5.2 Digitizing

The film was mounted on the PVR and was trans-
ported forward in the cine mode to frame zero, the first frame in
which the strobe flash was observed. The scales on the PVR were
translated and rotated until the coordinates of the seat forward
and aft fiducials were read to be within +20 counts of (-1i50,
-1370) and (-1310, -1300) respectively. The projected image

coordinates were then digitized in the following sequence.

Seat forward fiducial
Seat aft fiducial
Hip fiducial

Knee fiducial
Shoulder fiducial
Elbow fiducial

Head accelerometer pack

O ~ O U W N
.

Tip of snout

The digital values of these coordinates, pre-
ceeded by the frame number, were punched into paper tape in the
format (I5, 8F7.0/15, 8F7.0). Each of the 8F7.0 fields contained
four pairs of coordinates.

After the coordinates projected from frame zero
were digitized, the coordinates from each succeeding frame were
digitized in the same sequence until the frame in which either of

the head point images was obscured by the arm image.
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2.4.5.3 Electronic Data Processing

This portion of the process regquired three

procedures, data preparation, computation, and plotting.

Data Preparation: During the data preparation
procedure, the file recorded on punched paper tape was communi-
cated to the computer at ASD/AD from a TTY via voice quality
lines. The file was then edited to correct format and/cr charac-
ter e-rors. Progyram CHIFPD was then attached to modify the
readings tc compensate for distortion. CHIFPD (Appendix D) cal-
culated the resuitant distance from the origin of each pair »of
PCS coordinates read in by

r=vx *"12

The angle (y) between the ray from the point
and the optical axis was then calculated by

=N

where K was input as 138.7 counts/degree.
P

The modified abscissa (xc) was determined by

. X
X _ = ,
C cosy

and the modified ordinate (yC) was calculated by

Y :_Y__..

c cosy

The output was batched to a printer and a
card punch for creation of the permanaent file. Concurrertly, the
1dentification, control, and conversion constant cards required

by program HIFPD were punched for merger with the card file.
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The identification card contained :lphanumeric
information in card columns {(cc) 1 through 80 which was printed
on output tables as table identification. The form used was IPC
TEST ---, IMPULSE ACCELERATOR (DECELERATOR]) .

The control card contained the test number and
program control switch characters. The format and definition of
switching functions is listed under "Description of Program HIFPD

Input Data and Parameter Codes."

The conversion constant card contained the
film speed (frames per second) and conversion constants to be
applied to the second, third and fourth pairs of coordinates on
the first line read from each frame, and the first through fourth
pairs of coordinates on the second line read from each frame.

The format for this card was (8F10.0).

Upon receipt of the card file of modified PCS
coordinate readings, it was merged with the previously punched
ID, control and constant cards, and the computer con%trol cards
for submission, to ASD/AD for computation. The composition of a
typical computer runs deck is illustrated in Figure 14,

Computation: Film frame coordinate positions

of the tracked points were converted to two-dimensional seat co-
ordinate time histories by program HIFPD.

The PCS coordinate readings of the two reference
fiducials from the first film frame are used as the basis for the
location of optical axis relative to the reference points and for
the angular relationship between the axes of the PSC and the SCS.
Readings of these points from each subsequent film frame trans-
lated and rotated the PCS coordinate system to coincide with the
orientation of the first frame. This was done to minimize errors
due to vibration of the camera during the test event and to com-

pensate for frame to frame varidtions caused by the rotating prism.
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The displacement from the optical axis of the
second reference point was calculated by dividing the PCS coordi-
nates by the conversion constant contained in columns 11 through
20 in the conversion constant card. In turn the displacement from
the optical axis of each of the tracked points was calculated by
dividing its PCS coordinates by its conversion constant. The
values of x and z displacements from the optical axis of each
point were then subtracted from the x and z coordinates of the

reference point yielding x and z coordinates of each point relative

to the reference point. Thus the origin of the calculated coordi-
nate system had been translated to the location of the aft seat
reference fiducial.

From the time histories of seat coordinate
positions, HIFPD computed total velocity and acceleration time
histories of each point, fitting a moving quadratic arc to eleven
points during each differentiation, and the angular velocity and
acceleration time histories of the head accelerometer about the
snout, and of the shoulder about the hip point, again fitting a
moving quadratic arc to eleven points during each differentiation.

The resulting time histories were printed in
tables and written on magnetic tape for plotting.

Plotting: After examination of the tabulated
results of the computation revealed no apparent gross errors, a
plot request was submitted to ASD/AD. The data written on the
magnetic tape by HIFPD were read and plotted offline on the CAL-
COMP Plotter.

2.4.6 Results and Accuracy

The results of this effort were presented in tabular and
graphic forms.

In the data report deficiencies in the derivations of
velocity and acceleration time histories were cited. These
deficiencies and a brief description of the analyses upon which

they were based were presented in Paragraph 2.3.6.

96

andh




- The accuracy of the digitizing was indicated by the i

standard deviation about the mean for the solution of the rear

seat reference point with respect to the forward reference point.

The standard deviations were: .
X~AXis 2-Axis
Run (feet) (feet)
1444 .0035 .0002
1447 .0035 .0002
1450 .0017 .0001
1451 .0108 .0005 i
1453 .0021 .0001
1456 .0036 .0002 j

105 .0036 .0002
109 .0053 .0002
111 .0046 .0002
115 .0030 .0001

1462 .0027 .0001 '

1466 .0019 .0001 b
The effect of smoothing the displacement sclutions of the

tracked points are indicated in Table 17, which presents the stan-

dard deviations of the difference between unsmoothed and smoothed

components of the displacements taken from a representative sample

of the tests.

2.5 UPPER TORSO RETRACTION

The survivability of emergency escape from aircraft has
historically been a primary concern of the United States Air Force.
Over the years, as aircraft performance has been improved, the

risk of injury, either fatal or disabling, has tended to increase.
Research efforts leading to the development of devices and systems
to provide improved injury protection and reduction of risk, and
evaluation of the products of these efforts, have continuously been

conducted and/or sponsored by the Air Force.
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TABLE 17A

< TANDARD DEVIATION OF DIFFERENCE BETWEEN JNSMOOTHED AND SMOOTHED DISPLACEMENT
DATA IN FEET THREE POINT RESTRAINT, LIVE SURJECTS

TEST 1444 TEST 1447

X-axis Z-axis X-axis z-axis
Hip .0032 .0017 .00e3 .0049
Knee .0025 .0032 .0085% .0061 3
Saoulder L0037 .0031 .0137 .012¢
Elbow .0031 .0099 .0072 .0112
Head Foint 1 L0135 .00S6 .Ql110 .0075
Head Point 2 .0081 .0C64 .0132 .0166

TABLE 17B

2TANDARD DEVIATION OF DIFFERENCE BETWEEN UNSMOOTHED AND SMOOTHED DISPLACEMENT
DATA IN FEET THREE POINT RESTRAINT, CADAVER SUBJECTS

TEST 1450 TEST 1451

X-axis Z-axis X-axis Z-axis
Hip .0018 .0017 .0105 .0041
Knee .0033 .0028 .0104 .0069
Shoulder .0045 .009%6 .016e9 .0103
Elbow .0083 .G042 .0147 .0112
Head Point 1 .0092 .0101 .0223 .0109
Head Point 2 .0163 L0107 .0252 L0137

8




TABLE 17C

STANDARD DEVIATION OF DIFFERENCE BETWEEN UNSMOOTHED AND SMOOTHED DISPLACEMENT
DATA IN FEET MILITARY RESTRAINT, LIVE SUBJECTS

TEST 1453 TEST 1456
X=-axis zZ-axis X~axis z-axis
Hip .0023 .0024 .0031 .0034
Knee .0056 .0050 .0038 .0039 ;
Shoulder .0140 .0049 .0104 L0052
Elbow .0100 .0052 .0034 .0033
Head Point 1 .0083 .0062 .0l101 .0089
Head Point 2 .0139 .0081 .0153 .0195 ’
[y
TABLE 17D

STANDARD DEVIATION OF DIFFERENCE BETWEEN UNSMOOTHED AND SMOOTHED DISPLACEMENT
IN FEET MILITARY RESTRAINT, CADAVER SUBJECTS

TEST 1462 TEST 1466
X~-axis Z=-ax1ls X=-ax1is Z—axXx1ls
Hip .0027 .0021 .0029 .0028
| Knee .0034 .0022 .0032 .0040
1 Shoulder .0063 .0026 .0153 .0084
| Elbow .0039 .0033 .0067 .0069
! Head Point 1 .0081 .0032 .0099 .0066
| Head Point 2 .0078 .0024 .0093 .0048
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In an ejection environment, emphasis must be placed on
the method of positioning and restraining the torso, head, and
extremities of the crewman in his seat. Ideally the crewman
would be restrained in such a manner that during an ejection event,
he would demonstrate no motion relative to the seat. A crewman,
however, also requires freedom of movement to perform his tasks.
The obvious solution was the development of a restraint system
which would provide the required freedom of movement but which in
an emergency situation would rapidly retract the crewman into
position and restrain him with force sufficient to protect him
from responding adversely to the acceleration of the seat and the
force of windblast.

The work described herein was accomplished tc demonstrate
a photo analysis method proposed for use to describe the response
motion of body segments of human subjects exposed to the upper
torso retraction environment. Laboratory simulations wer< coa-
ducted by the Biomechanical Protection Branch of the AF Acro-
space Medical Research Laboratory (AMRL/BBP) during the period
January - May 1978. The tests were conducted on the Body Position-
ing Restraint Device (BPRD) located in Building 824, Wright-
Patterson Air Force Base, Ohio.

2.5.1 Requirements

Primary objectives of the photometric effort were:

(1) To describe position-time histories of anthropometric
points defining the body segments relative tc the
test device seat, and to derive velocity and accelera-

tion time histories of these points.

(2) To derive time histories of angular velocity and

angular acceleration of the head about its y axis.

(3) To derive time histories of angular velocity and

angular acceleration of the helmet about i1ts y axis.
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(4) To describe the position-time history of the retrac-
tion piston and to derive time histories of its

velocity and acceleration.

Secondary objectives of this effort were:

(1) To record motion of the shoulder harness relative
to the subject's sternum for the purpose of assess-
ing slippage of the harness relative to the chest

and shoulders.

(2) To record the test event from a number of viewpoints
sufficient to demonstrate restraint system and sub- i

ject performance. $

The body segment motions specified for description were
the upper arm, the upper leqg, the torso and the head. The points
selected to define these segments were:

upper arm: The lateral-most projection of the acromion
process of the scapula and the lateral most e

point on the lateral humeral condyle.

upper leg: The lateral-most point on the greater femoral
trochanter and the lateral most point on the

lateral femoral condyle.

torso : The lateral-most point on the greater femoral
trochanter and the spinous process of the
seventh cervical vertebra (C-7), which overlies
the first thoracic vertebra (T-1) when the head

is erect.

head : The point located on the sagittal plane of the
nose at the level of the pupils (which is the

rhinion).

It was the concensus that in addition to the above, the
lower leg and lower arm should also be defined although definition
of these segments was not a current requirement. The former was

defined by the lateral projection of the lateral malleolus of the
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fibula, and the latter was defined by the lateral-most point on the

lateral humeral! condyle and the stylion.

lection of all the apove points was influenced by two

sele
pri- :ry conce

rns:

{1) The reguiremenrt that the pcints could repeatedily be
located.

(2) The reguirement that the points, or fixtures 1i1den-

tifving the points, be observable throuchout the

test event.

All of the points described above are widely accepted as
recommended polints for defining body seaments with the exception
of the points on the heacd. The points 7 the head were selected
because the helmet, toaether with the cupped chin strap, left only
the forward facial area exposed. The rolints or the nose were
considered to be the only practical voints on *he head which would

satisfy the above requirements.

2.5.2 Photometric Range

The photometric range as illustrated in Figure 19, was a
three dimensional, perpendicular coordinate system, the origin of
which was at the intercept of the seatback plane, the seatpan
plane, and the plane of symmetry of the seat. The 2z axis was
positive upward along the centerline of the seatback, the x axis
was pcsitive forward along the line normal tc the se - tback plane,

and v was positive to the richt of the seat.

Reference fiducials were affixed to the sect structure,
ten on the RH side panel and nine on forward facing surfaces.
Three additional fiducia's (20, 21, 22) were applied to the cut-
board surface of the RH side of the test facility frame structure
forward of the seat. The points are identified in Figure 19 and

their coordinate positions are presented 1n Table 13.
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TABLE 18
BPRD REFERENCE FIDUCIAL COORDINATES

Point x(inches) y (inches) z(inches)
1 -2.05 10.5 34.57
2 -2.05 10.5 28.5
3 -2.05 10.5 10.55
4 -2.05 10.5 4.57
5 4.88 10.5 1.1
6 10.75 10.5 .43
7 15.87 10.5 - .25
8 4.41 10.5 - .83
9 10.35 10.5 - 1.26
10 15.55 10.5 - 1.69
11 0.0 7.68 40.28
12 0.0 0.0 40.30 ?
13 0.0 - 7.83 40.31 |
14 0.0 9.83 22.64
15 0.0 9.83 22.64
16 0.0 - 9.83 12.6 1
17 0.0 - 9.83 12.6
18 22.89 9.83 - 3.16
19 22.88 - 9.83 - 3.24
20 32.45 -18.25 5.83
21 38.68 -18.25 2.08
22 31.24 -18.25 -12.27

“eremes
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.Three Milliken l6mm motion picture cameras were mounted,

two to the RH side of the test facility frame and the third for-
ward of thé frame. The locations of these cameras are illustrated
in Figure 20 and the coordinates of their focal points and camera

body orientations are listed in Table 19.

2.5.3 Photogrammetric Calibration

"In the discussion of the approach to the phctometric sys-
tem two assumptions were made: that the focal lenagths of the re-
cording and projection lenses introduced no distortion, and that
the focal lengths were precisely stated. The validity of these

assumptions must be guestioned.

A flat-black board, 24 inches x 48 inches, containing a
1 inch x 1 inch grid pattern of white thread was photographed by

each camera as follows:

Camera View Board Location and Orientation

A 1 Surface in plane, y=0, longer edge on z axis,
shorter edge on x axis.

A 2 Surface in plane, y= -6.97 inches, longer
edge against plane x=0, shorter edge in
plane z=0.

B 1 Surface in plane y=0, lower edge parallel

with deck, 3/8 inch above deck. Longer edge
against forward edge of seat pan.

C 1 Surface perpendicular to deck 1/2 inch for-
ward of forward most points on armrests.
Lower edge on deck.

These views of gridboard are on the film reel immediately after

the views of test run 271.

From these films a slight "barrel distortion" was ob-
served on all views. ©No corrections were made since the distor-
tion was considered to be inconseguential in the area of the frame

being evaluated.
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TABLE 19

BPRD COORDINATES OF CAMERA FOCAL POINTS
AND CAMERA BODY ORIENTATIONS

Camera FOCAL POINT COORDINATES AZIMUTH ELEVATION ROLL
Station X (inches) y (inches) z(inches) (radians) (radians) (radians)
A 0.0 66.61 19.21 4.712 .006 .002
B 28.0 37.49 ~-6.72 4.712 -.002 .236
o 68.98 0.84 8.36 3.142 .299 .001
108
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From the gridboard views recorded on the camera at Station
A, readings were taken from the PCS z axis intercepts of five pairs
of horizontal gridlines, the lines of each pair being twelve inches
apart. This same procedure was applied to the PCS x axis inter-
cepts of five pairs of vertical gridlines. An average of the
displacements of the PCS readings was taken for each of the grid-
board locations. The resulting conversion factors were 1377.75
counts per foot at SCS y=0 and 1548 counts per foot at SCS
= =6.969 inches.

Referring to Figure 4 the following values were assigned:

r, = r02 = 12 inches
rp = 1377.75 counts

r = 1548 counts

p2

50_502 = 6.97 inches.

The distance from the axis at which the ray from Py to the focal
point penetrated the Object 2 Plane was calculated to be:

r . T
o2 rp2
r=r r
02 EE'
p2
r = 12 inches (1377.75 counts

1548 counts

10.68 inches.

r

The apparent distance from the focal point to the plane y=0 was
calculated to be:
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12 inches

= 6.97 . —s s =
So 6.9 nches (1.32 inches
S, = 63.36 inches.
Calculation cf a vonversion constant, f , for any plane, v=n, was
n
then accomplished using:
5o
f = ———— x 1377.75 counts per foot
n s, - Y

where y was either one half the measured breadth of the subject
between anthropometric points on the right and left side or the

measured y displacement of fiducials on the test facilitv.

2.5.4 Data Reduction Process

The data reduction process consisted of data editing,
digitizing, and electronic data processing. Film editing and
digitizing were accomplished on the Producers Service Corporation
model PVR film analyzer (PVR) interfaced with a teletype terminal
(TTY) with paper tape punch. Tape to card conversion and elec-
tronic processing and plotting were accomplished on the CDC Cyber
74 System at the Aeronautical Systems Division's Digital Computa-
tion Facility (ASD/AD) in Building 67¢, Area B, Wright-Patterson
Air Force Base.

2.5.4.1 Editing

The seat side view camera film was viewed on a
light table and the frames and .01 second timing pulses were
counted throughout the event. The frame exposure rate (frames per
second) was scanned for consistency and the average frame rate
was calculated. During the runs processed the frame rate was
500 + 1 frames per second during the 300 milliseconds followina

initiation.
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The film was mounted on the PVR and was trans-
ported forward in the cine mode until the operator observed that
the subject motion had apparently terminated. The number of the
frame was noted as termination time.

2.5.4.2 Digitizing

Upon completion of the editing procedure, the
film was transported reverse to frame zero, the first frame in ’
which the strobe flash was observed. The scales on the PVR were
translated and rotated until the coordinates of fiducials 10 and
8 were read to be within +20 counts of (2145, -2860) and (640,
~2765) respectively. The projected image coordinates were then
digitized in the following sequence.

Arm rest forward fiducial (10)
Arm rest aft fiducial (8)

Mid thigh fiducial

Knee fiducial

Shoulder fiducial

Elbow fiducial

Upper nose fiducial

W ~N O U e W N
PR S T ) « .

Lower nose fiducial

o

Retraction piston fiducial
10. T-1 vertebra fiducial
11. Upper helmet fiducial

12. Lower helmet fiducial

The digital values of these coordinates, pre-
ceeded by the frame number, were punched into paper tape in the
format (I5, 8F7.0/15, 8F7.0/15, 8F7.0). Each of the 8F7.0 fields
contained four pairs of coordinates.

After the coordinates projected from frame
zero were dicitized, the coordinates from each succeeding frame
were digitized in the same sequence until the fifteenth frame
following the frame noted as termination time. The last fifteen

frames were digitized to prevent timewlise truncation of velocity




and acceleration curves due to smoothing of the data during elec-

tronic data processing.

2.5.4.3 Electronic Data Processing

This portion of the process required three pro-
cedures, data preparation, computation, and plotting.

Data Preparation: During the data preparation

procedure, the file recorded on punched paper tape was communicated
to the computer at ASD/AD from a TTY 35 via voice quality lines.
The file was then edited to correct format and/or character errors,
and was batched to a card punch for creation of the permanent file.
Concurrently, the identification, control, and conversion constant
cards required by program HIFPD were punched for merger with the
card file.

The identification card contained alphanumeric
information in card columns (cc) 1 thru 80 which was printed on
output tables as table identification. The form used was RAPID
RESTRAINT TEST _ _ _, SUBJECT __, YYMMDD. The last entry is the
date on which the test was conducted in terms of year, month, and
day of month.

The control card contained the test number and
program control switch characters. The format and definition of
switching functions is listed under "Description of Program HIFPD

Input Data and Parameter Codes."”

The conversion constant card contained the film
speed (frames per second) and conversion constants to be applied
to the second, third, and fourth pairs of coordinates on the first
line read from each frame, and the first thru fourth pairs of
coordinates on the second line read from each frame. The format
for this card was (8F10.0).
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Upon receipt of the card file of PCS coordinate
readings, it was merged with the previously punched ID, control,
and constant cards, and the computer control cards for submission
to ASD/AD for computation. The composition of a typical computer
run deck is illustrated in Figure 14.

Computation: Film frame coordinate positions
of the tracked points were converted to two-dimensional seat co-
ordinate time histories by program HIFPD, which is described
fully in Section 2.2. Two versions of the program were filed.
The first read the digitized values from the first and second
lines from each frame and wrote the appropriate heading and
labels on tables and plots. The second version read the digi-
tized values in the first and third lines from each frame and
wrote the appropriate headings and labels on tables and plots.

This variation required two passes through the computer.

Although program HIFPD is documented herein a brief dis-

cussion of the application is warranted.

The PCS coordinate readings of the two refer-
ence fiducials from the first film frame are used as the basis
for the location of optical axis relative to the reference points
and for the angular relationship between the axes of the PCS and
the SCS. Readings of these points from each subsequent film
frame translated and rotated the PCS, coordinate system to coin-
cide with the orientation of the first frame. This was done to
minimize errors due to vibration of the camera during the test

event.

The displacement from the optical axis of the
second reference point was calculated by dividing the PCS coordi-
nates by the conversion constant contained in columns 11 thru 20
in the conversion constant card. In turn the displacement from
the optical axis of each of the tracked points was calculated by

dividing its PCS coordinates by its conversion constant. The




values of x and z displacements from the optical axis of each
poirt were then subtracted from the x and z displacements of the
reference point yielding x and z coordinates of each point rela-
tive to the reference point. Thus the origin of the calculated

coordinate system had been translated to the location of reference
fiducial 8.

From the time histories of seat coordinate posi-
tions, HIFPD computed total velcoity and acceleration time histories
of each point, fitting a moving quadratic arc to eleven points
during each differentiation, and the angular velocity and accelera-
tion time histories of the upper nose point about the lower, and
of the shoulder about the mid thigh point; again fitting a moving

gquadratic arc to eleven points during each differentiation.

The resulting time histories were printed in
tables and written on magnetic tape for plotting.

Plotting: After examination of the tabular
results of the computation revealed no apparent gross errors, a
plot request was submitted to ASD/AD. The data written on the
magnetic tape by HIFPD were read and plotted offline on the CAL-
COMP Plotter.

2.5.5 Results and Accuracy

The results of this effort were presented in tabular and
graphic forms. The accuracy with which these results represent
the actual motions of the observed points is the subject of debate.
The following deficiencies may be inferred from a study conducted
by H. T. Mohlman of the UDRI.l

(1) Attenuation of peak values of displacement, velocity

and acceleration is a function of frequency.

(2) The eleven point quadratic fit yields closer corre-
lation than either seven, nine, thirteen, or fifteen

point quadratic fits.

1Graf, P.A. and ii.T. Mohlman, Accuracy of Digitized Photometric
Data, AMRL-TR-79-76, April, 1980, Aerospace Medical Research
Laboratory, Wri.tht-Patterson Air Force Base, Ohio.
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{3) The attenuation of any specific displacement, velo-

city, or acceleration peak is reasonably predictable

1f the apparent frequency of the peak 1s properly

interpreted.
(4) Oscillations in velocity and acceleration curves are
predominantly artifacts induced by reading errors.

The frequency
the number of

1s a function of the sampling rate and

points included in the smoothing f1it.

The referenced work included investigation of samplina

theory and application of the quadratic fits to digitized photo-

metric data acquired during

Fregquency response
derived from fitting eleven

guencies from 2 Hz to 35 Hz

BPRD tests 172 and 173.

curves presented in Figure 21 were
points of sinusoidal motion at fre-

at a sampling rate of 500 samples/

second. The data from which these curves were constructed are

presented in Table 20 and are described in detail in the referenced

report.

The accuracy of the digitizing was indicated by the

standard deviation about the mean for the solution of the forward

seat reference point with respect to the rear reference point. The

standarada deviations were:

X~AX1s z=-AXis
Run (feet) (feet)
172 .0073 .00049
173 .0030 .00017

The effect of smoothing the displacement solutions of the

tracked points are indicated in Table 21, which presents the

standard deviations of difference between unsmcoothed and smocthea

components of the displacements.
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TABLE 20

DISTORTION FACTOR (FK) COMPUTED FRCM
MULTIPLE FREQUENCY SINE FUNCTIONS

s (Hz)* , = fg Distorticn Factor (FK)
° £s F DISPL VEL ACCEL
2 .04 .9974 1.0000 .9981 .9963
4 .08 .9895 1.0000 .3925 .9851
6 .12 .9765 .9999 .9831 .9667
8 .16 .9584 .9997 .9700 .9413
10 .20 .9355 .9993 .9532 .9093
12 .24 .9079 .9985 .9327 .8713
14 .28 .8759 .9972 .90€6 .8278
16 .32 .8399 .9953 .8809 .77%6
18 .36 .8000 .9926 .8498 L7275
20 .40 .7568 .9888 .8154 .6724
22 .44 .7106 .9838 7779 L6151 .
24 .48 .6618 .9975 .7376 .5567 ~
26 .52 .6109 .9695 .6949 .4981
| 28 .56 .5583 .9597 .6500 .4403
30 .60 .5046 .9479 .6034 .3841
32 .64 .4500 .9340 .5556 .3305
34 .68 .3952 .9177 .5070 .2801
35 .70 .3679 .9086 .4826 .2563

*f applies only to an ll-point fit of data sampled at 500 samples per
sgcond; use r to determine FK for other fits and/or sample rates.
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STANDARD DEVIATION OF DIFFERENCE BETWEEN UNSMOOTHED AND

Hip

Knee
Shoulder
Elbow

Head Point 1
Head Point 2
Piston

Tl

Helmet 1
Helmet 2

TABLE 21

SMOOTHED DISPLACEMENT DATA IN FEET

?EST 172 .
X=-ax1ls Z-axis
.0028 .0028
.0028 .0039
.0077 .0041
.0039 .0091
.0085 .0058
.0121 .0083
.0046 .0077
.0089 .0045
.0090 .0037
.0082 .0035
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X=-ax1is Z-aX1ls
.0027 .003¢0
.0034 .0041
.0080 .0046
.0048 .0039
.0090 .0060
.0128 .0085
.0062 .0072
.0093 .0038
.0099 .0038
.0086 .0038




SECTION 2
ANALYSIS OF NONPLANAR MOTION

Exposure to impact environments having significant lateral
components of acceleration usually result in three dimensional

responses.

A method was developed by the UDRI to solve for the irstan-
taneous coordinates of points relative to a seat coordinate system
{(8Cs). The method, documented in AMRL-TR-78-94, employs procgram
POOCH to calculate the apparent coordinates of the focal point
of each camera and the orientation of its optical axis and the
film frame axes in the SCS. The results output by POOCH are in-
put to program SLED to calibrate the digitized readings of observed
points. SLED solves for the most likely point of intercept of the
rays from each observed point to each focal point and calculates

the distance between the rays at each solution point.

This method was applied to photodata collected during the
DOT 6 Year 0Old Child comparison and the Whole Body Restraint-
Lateral study. The latter also required the derivation of velc-
city and acceleration time histories from the displacement-time
data. Program WBRL was developed to smocth the component dis-
placement-time histories and to derive smoothed component and
resultant velocity and acceleration time histories. Program WBR-L,

with explanatory comments, is listed in Appendix B.

3.1 DOT 6 YEAR OLD CHILD COMPARISON

The Department of Transportation, under an interagency
agreement, reguested a comparative analysis of the effectiveness
of three types of automotive child restraint systems, and a
comparison of the inertial and kinematic responses of three types
of surrogate six-year-olds while restrained with each of the
three systems. The surrocates were two manikins of different
manufacture and nine live anesthetized baboons whose generai

anthropometry approximated that of a six year old child.
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' The impact environments were developed with the AMRL/BBP

§ Horizontal Impulse Accelerator Facility at WPAFB. The impact en-
J vironments simulated were twenty and thirty miles per hour head

on and fifteen and twenty miles per hour left lateral. Seventy-
five test runs, including system performance tests, were conducted
from 22 October 1975 thru 19 December 1975,

3.1.1 Photometric Data Acquisition

The primary objectives of the photometric data system were

° Develop a method for calculating three dimensional

displacement of anthropometric points.

® Collect data on two high speed motion picture cameras

mounted onboard the test vehicle.

) Apply the developed method to reduce the photodata to
time histories of three-dimensional coordinate positions

in the SCS of two points on the head of each subject.

The method developed to solve the time-SCS position data
resulted in the programs POOCH and SLED. These programs required
application of fixed reference fiducials and a survey of their
coordinates in the SCS. The camera and range survey data from
forward impact configurations and left lateral impact configurations

are presented in Figures 22 and 23 respectively.

Photo recordings were recorded on two Milliken DBM-4B
cameras fitted with 10 mm lenses. The cameras were operated at
a nominal rate of 500 frames per second. Timing of the film was
provided by exposure of the film edges to light emitting diodes
excited simultaneously by a central pulse generator at 100 pulses

per second.

Figures 24 and 25 illustrate typical scenes as observed

by these cameras prior to forward and lateral impacts respectively.
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SAMERA SURVEY DATA

Fival  Cint Joordinates

Camers R N G, Ii_ancnes. tlevatisn
w L Foredrd’ vedloi, 40029, 4203 -33° -la°
Forward) 40,0, =475, S3L0) 37e -i7e

AnGuULar lonventions:

Asiueh,

e
"

Om < Ax1s Viewed from anove.

SLevation:  Fositive L0CLine above local rorizontal.

Roll To:itive W oapout opeiltal axis.
BANGE SURVEY DATA
Reference Point Zoordinates (x, 7, = wnches)
reint auns vol - 572 Runs 673 - 685 Puns 686 - 696
N 145.47, -17.31, 45.22) (45.34, -18.09, 45.2%) 145,
- (35.62, - 3.31, 45.16} (45.81, - 4.04, 45.2%) (48,
i (45.72,  10.09, 45.19)
) (45,82, 14..3, 45.47 145
B (Jeee, -13.00, I.34:
3 DuEs, - Tl YTy
T CL38, 8.92, 7.38) -
Constant throughout test period.
3 2,89, 12,75, §.09)
. WL, PEREVEE B
1. 2.33, 2.3, 3.5

PASSENGER'S
OBLIQUE VIE

CAMERA

€
w
7

ORIVER'S  SIDE
OBLICUE WIEW
CAMERA 6

e

Figure 22. DOT Six-Year~Old Child Comparison Seat Coordinate System and

Survey Data, Forward Impacts.
121




9
TATeI A 2o var
T oLatvral R R
Lateras A T
5 N
“i - W oiTE (RN el TITE i
Bt Slened aLovwe oAl LirTLrota
Sl Frsivive Twonout crtiial axis
fererence Toant Teriirates o«
Runs 717 - "6 -4
R P S P PN 41003, -lp. 23, 424 Aloe, -leld R
RN - N R T PR N ) 40031, . EREIRDY
] - PN 4007 PR L
. R - RN LTLAT, e Sl R
- - NERE

-
i
T3
lenstant *nroughout "est nericd.
1
I

p DRIVER'S SIDE

/./‘ OBLIQUE VIEW
/I CAMERA 7
L

oPTICAL
aAxiS

PASSENGER'S  SIOE
OBLIQUE VIEW
CAMERA 8

Pigure 23. DOT Six-Year-0ld ohald comparion Zeat “oordinate dystem and
Survey Data, Lateral Tmoacts,

122




Fioaure




Fioure 0500 Tvyrical fcene Prior to Lateral Imypace

as “hserved by Cameras 7 (Urpert oaend o




3.1.2 Data Reduction

Reduction of the recorded data to displacement-time
histories required digitization, in the projected image coordinate
system (PCS) of the coordinates of fixed reference fiducials and
fiducials on the heads of the subjects, and electronic data pro-

cessing of the digitized data by POOCH and SLED.

Digitizing was accomplished on a Producers Service Corpora-
tion model PVR film analyzer (PVR) which was interfaced to a tele-

type terminal equipped with a paper tape punch station (TTY).

The film was mounted on the PVR and was transported until
the first time pulse (t=0) was observed. The film was transported
in reverse until the twelfth frame before the to pulse to com-
pensate for the film path displacement of the LED from the exposure

frame in the gate. The frame counter was reset to 0000.

The origin of the projected image coordinate system was
located by numerically bisecting the major and minor dimensions
of the projected frame and resetting the counters to zero at
that point. The PCS coordinates of all observed reference fiducials
were then digitized by locating the cursors over the center of each
and depressing the record switch. The operator noted the code
number of eacn observed fiducial as it was digitized. These
values were later processed by POOCH tc locate and orient the

camera for the data from this test.

The operator then digitized the PCS coordinates of four
reference fiducials, previously selected as being observable
throughout the event, and the four points on the heads of the
subjects. The resulting table of data was in the form of the
following format throughout the program. During lateral impacts
only one subject was exposed. When films from these tests were
digitized the reading of the chin fiducial was repeated two
additional times to fill the file.
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LINE 1:

Columns Field Data

1- 5 I5 Frame number.

6-12 F7.C PCS abscissa of reference point A.

13-19 F7.0 PCS ordinate of reference point A.

20-26 F7.0 PCS abscissa of reference point B.

27-33 F7.0 PCS ordinate of reference point B.

34-40 F7.0 PCS abscissa of reference point C.

41-47 F7.0 PCS ordinate of reference point C.

48-54 F7.0 PCs abscissa cf reference point D.

55-61 F7.0 PCS ordinate of reference point D.
LINE 2:

1- 5 I5 Frame number.

6~12 F7.0 PCS abscissa of puint on forehead, passenger seat.
13-19 F7.0 PCS ordinate of point on forehead, passenger seat.
20-26 F7.0 PCS abscissa of point on chin, passenger seat.
27-33 F7.0 PCS ordinate of point on chin, passenger seat.
34-40 F7.0 PCS abscisca of point on forehead, driver seat.
41-47 F7.0 PCS ordinate of point on forehead, driver seat.
48-54 F7.0 PCS abscissa of point on chin, driver seat.
55-61 F7.0 PCS ordinate of point on chin, driver seat.

NOTE: Points tracked on baboons were the head accelerometer

and the tip of the snout.

After the data were digitized from frame zero the film
was advanced to frame 001 and the points were again digitized in
the same sequence. This procedure was repeated for each frame
until one of the fiducials on the head of cne of the subjects

became unreadable.




The digital files recorded on paper tapes were communicated

to the CDC computer system at Aeronautical Systems Division's
Digital Computation Facility (ASD/AD) from a TTY via data modem
and voice quality lines. The files were edited to correct format
and/or character errors and were copied to disk storage and card
punch. The card files were maintained as backup in case the disk
files had been inadvertantly purged.

The files were amended by insertion of camera location and
orientation data output by POOCH, and the addition of the fixed
reference fiducial SCS coordinates, the film frame-time equivalence
table, and the interpolation interval and test run number as

required by SLED.

The binary file of SLED was attached and executed. The

output was copied, in batch mode, to a printer and card punch.

The results were visually checked for obvious errors. 1If
the solutions evidenced no apparent discontinuities and the miss-
distances at the solution points were less than 0.25 inch, the
card deck containing the SCS solutions was prepared to generate
plots. The plots generated presented y and z displacements versus

x displacement.

3.2 WHOLE BODY RESTRAINT-LATERAL

Cescription of relative motion of anthropometric points
of the torso, head, and extremities during laboratory simulations
of impact environments are essential to the development and veri-
fication of predictive models. One method of describing the motion
of these points 1s to track each point as a function of time with
two or more motion picture cameras, quantify or evaluate the
coordinates of their images as projected, and from these proiectoed

image coordinates calculate the loci of the points in the seat

coordinate system. This method was applied during the wWhole Hody
Restraint-Lateral (WBRL) Impact Study conducted by the Biomechanica!
Protection Branch of the AP Aerospace Hedlocal Research Labora-

tory (AMRL/BBP). The experimental tests were conducted n the
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Horizontal Impulse Accelerator facility in Building 824 at Wright~
Patterson Air Force Base, Ohio between March and July 1977.

3.2.1 Seat Coordinate System

The seat coordinate system (SCS) was a left handed three-
dimensional, mutually perpendicular system having its origin at
the intercept of the seat centerline and the line of intersection
of the seat pan upper surface and the seat back forward surface.
The positive senses of the axes were to the rear (x axis), to the
left (y axis), and upward (z axis) as illustrated in Figure 26.

-7
l
|
|
{
»2
X |
. . £ |
girectlop o \ LrY
Seat Mction N
~
-

Figure 26. WBR-L Seat Coordinate System (SCS).
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3.2.2 Camera Locations

Photographic records of the responses of the test subjects
were acquired by four Milliken 16 mm cameras operating at nominal
exposure rates of 500 frames per second. All four cameras were
mounted onboard and were lccated and oriented such that each of
the fiducials located on the nine anthropometric points to be
tracked were observable by two of the cameras throughout the impact
and response periods. The location and orientation scheme of the
cameras 1s illustrated in Figure 27, and the coordinates of the
focal points and orientations of optical axes are presented in
Table 22.

Camera 13 Optical ////////w
e
Y
l

Axis Normal to y-z

Plane Camera 1l Optical

Axis Normal to y-z
Plane

Camera 14 Optical
Axis Declining in
or Near Plane x=0

-~ Camera 12 Optical Axis
X Horizontal and Rotated
CW from y=-n.
(As viewed from above.)

Figure 27. Schematic of Camera Locations and Orientations, WBR-L.
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3.2.3 Data Acguisition

The data acquisition mission consisted of three distinct

tasks:
1. Documentation of anthropometric measurements of each
subject.
2. Tracking fiducial application, measurement, and docu-
mentation.
3. Cilne recording of the tracking fiducials during the

impact and response events.

Anthropometry of each test subject was measured and docu-
mented by AMRL/HED.

Tracking fiducial application, measurement ancd documenta-
tion were accomplished prior to each test run by the UDRI repre-

sentative. Tracking fiducials were located as follows.

The suprasternal notch was located by palpation and marked

with a nylon tip pen.

The lower end of the sternum was located by palpation and

marked.

Two arcs of 10 cm radius were struck from the mark on the

suprasternal notch to the right and left clavicles and were marked.

One-inch-diameter fiducials, printed in alternating black
and yellow quadrants and having a one-sixteenth inch hole at the

center, were placed over these four marks.

With the subject's head erect, a fiducial approximately
three-eighths inch high and one-inch wide was centered on the
sagittal plane of the nose at the level of the pupils. A fiducial
of similar size was located at the level of the pupils at each

lateral orbital rim.

Two additinnal trackina fiducials were previously mounted
to a leather appliance which was strapped to the subiect's pel-is.
Initially these fiducials were placed on the subject over the

anterior superior 1iliac spines. This proved to be unsatisfactory




because the fiducials on several subjects were obscured by abdomina:l

skin folds when the subject was seated.

The last fiducial was intended to track the motion of the
first thoracic vertebra (T-1). With the subject's head bowed for-
ward the spinous process of the seventh cervical vertebra (C-7) was
located by palpation and was followed as the subject erected his
head. The fiducial was then placed over this point which, with

the head erect, overlayed T-1.

With the subject seated in a mockup of the test seat relative

dimensions were read with an anthropometer and recorded. Dimensions

taken were:

R.H. eye fiducial - L.H. eye fiducial

R.H. eye fiducial - Nose fiducial

L.H. eye fiducial - Necse fiducial

Suprasternal notch fiducial - Lower sternum fiducial
Suprasternal notch fiducial - R.H. clavicle fiducial

Suprasternal notch fiducial - L.H. clavicle fiducial

Suprasternal notch fiducial - R.H. pelvic fiducial
Suprasternal notch fiducial - L.H. pelvic fiducial
Lower sternum fiducial - R.H. clavicle fiducial

Lower sternum fiducial - L.H. clavicle fiducial
R.H. pelvic fiducial - L.H. pelvic fiducial

R.H. clavicle fiducial - L.H. clavicle fiducial

After the subject was instrumented and seated in position,
coordinates (in the seat coordinate system) of the suprasternal
notch fiducial, the R.H. trageon, and the lower, forward, inboard
corner of the Nine Transducer Accelerometer Pack (9TAP) were read
and recorded. The 9TAP was mounted on the R.H. side of a weldina
mask headband which was secured by straps under the chin and the
base of the occiput. It contained three linear accelerometers at
the origin and two at the end of each arm aligned with each of the
three axes of the head and was desicned to yield time historiles of
linear acceleration in three axes and angular acceleratiocns about

those axes.




iy nir-thut =

Prior to the first test, fixed reference fiducials were
\ mcunted on the test fixture. These fiducials are identified in

Figure 28, and their coordinates are listed in Table 23.

Cine recording of the responses of the subjects were re-
corded from t=-2 seconds to t=2 seconds. The four Milliken cameras
were remotely operated by circuits in the photo instrumentation
control console which was programmed into the countdown seguence.
Timing was provided by a pulse generator which simultaneously ex-
cited an LED in each of the cameras at the rate of cne hundredé

pulses per second.

Synchronization of time amonj the films was accomplished

by a strobe flash, observable by all cameras, initiated at t=0.

3.2.4 Data Reduction

The desired results of the data reduction effort were

time nistories of coordinate positions of the tracked points ard

the velocities and accelerations derived t:ereform. The system
used was a modified photo theodolite space position solution system.
The phototheodolite system assumes synchronized exposure of films
from two or more cameras. Since the cameras used were not syn-
chronized, the system was modified to synchronize projected film
frame images by linear interpolation of projected film frame co-

ordinates between frames at fixed time intervals.

The overall data reduction task required three subtask
areas, film editing, projected image digitizing, and electrcnic

data processing.
3.2.4.1 Film Editing

Critical to the processing of the photo data were timing,
legibility of reference and tracking fiducials, and documentation

of any anomalies that might occur.

Each film was viewed on a light table to assure that
there was no erratic behavior of film transport during recording.
This was accomplished by sampling the film intervals between .01

second LED images on the film. If no significant deviations were
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Ref.

W J O U s ow N

11
12
13
14
15
16
17
18

No.

TABLE 23
WBRL REFERENCE FIDUCIAL COORDINATES

| >

-45.0
0.0
0.0
0.0
0.0
0.0
0.0

-43.7
5.6
5.6
5.2
1.0
1.0
8.7
9.7

11.1
27.9
27.8
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0.0
0.0
0.0
0.0
0.0
-10.2
10.2
45.0
-16.3
-16.3
-22.4
17.1
17.2
- 0.4
0.5

1.0
16.4

10.8

(CM)

IN

- 2.5

0.0
45.2
70.0
91.
91.

91.
39.

79.
63.
74.1
73.2
54.2
72.3
67.4
60.6
50.9
50.9
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noted, the average frame rate was calculated. Since the cameras

employed were pin registered, and a loop of 11 to 12 frames was

H required between the pulsed LED and the shutter, absolute timing

was not possible.

Time zero was, by definition, the first frame in which
the strobe flash was observable. Given a ncminal frame rate of
500 frames per second (500 fps) the maximum synchronizing error
was 2 milliseconds for each camera. However, given the shutter
openincgs of 140° the maximum error between two given cameras be-

comes 1.22 milliseconds;

360° - 140° 3
( 360 Xx .002 sec)

3.2.4.2 Projected Image Digitizing

Films from cameras mounted onbocard at stations 11, 12,
13, and 14 were digitized. The origin of the film frame coordi-
nate svstem was determined by bisecting the horizontal and verti-
cal centerlines of the projected film frame images from ten test
runs. The readings of reference fiducials were tabulated and the
average reading of each fiducial was calculated. These were de-
fined as the table of standard readings used to set the scales for
digitizing.

The film was mounted on the Producers Service Corporation
(PSC) model PVR film analyzer and the scaling system was rotated
until the cursors were in alignment with the projected film frame
image at the frame defined as t=0. The cursors were set over the
image of a reference fiducial and the scales were set to zero.
The cursors were then translated until the negative values of the
standard reading for that fiducial were counted and were again re-
set to zero. The readings of all reference fiducials were taken
to assure that they were all within +20 counts (.02 inches) of

the values in the table of standard readings.
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From Cameras 11 and 12 the data points were digitized +o
punched paper tape in the format (IS5, 8F7.0/5X, 8F7.0/5X, 8F7.0).
The "I5" was the frame number. Each of the "8F7.0" formats was
composed of four pairs of "-x, y" values in the projected film
frame coordinate system. This was chosen to simplify the reading
since the cameras at stations 11 and 12 were rotated onto their

left sides to improve the field of view.

The PSC model PVR is constrained to read +x to the ri:ht
of the operator and +y upward. Since the cameras at stations 11
and 12 were rotated to their left sides, the operator's view of
the film frame was as illustrated in Figure 29. Thus with the
PVR programmed to digitize Frame Lumber and four pairs % -,
x values, the net result was the format presented above.

The first line of readinus (IS5, 8F7.0) containe.i the
frame number and four "-x, y" film frame coordinates of f1 4
reference points. The first format "5X, 8F7.0/" conta:red the
repeated frame number (5X) and four pairs of film frame coordirates
(~x, y) of the suprasternal notch, lower sternum, R.H. clavicle
and L.H. clavicle fiducials. The second format "5X, 8F7.7" con-
tained the repeated frame number and four pairs of film frame
coordinates (-x, y) of the R.H. pelvis, L.4H. pelvis, R.H. eve,

and nose fiducials.

For camera stations 13 and 14 the data points were digi-
tized to punched paper tape in the format (IS5, 8F7.0/5X, 8F7.0).
For these views the P5C PVR was programmed to punch the coordinate

pairs in "x, y" format since camera 13 was mounted upright and

camera 14 was inverted.

The first line of readings (I5, 8F7.0) again contained
the film frame number and pairs of x, y readings of four fixed
reference points. The second line (5X, 8F7.0) contained the re-
peated frame number and the reading of the coordinates of the Tl
fiducial read four times. This was done to satisfy the require-

ments of the preprogramming of the PVR and input format to

Program SLED.
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Figure 29, FProjected Pilm Frames From Cameras 12 (Upper) and 11 as
Viewed by Operator, WBR-LL.
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The operator's view of the projected images of films

.

from cameras 13 and 14 is illustrated in Figure 30.

£ T

; 3.2.4.3 Electronic Data Processing

Electronic data processing required a sequence of related
operations which could be broadly broken down into the areas of

data preparation, computation and plotting, and review of results.

Three computer programs were required to achieve the re-

sults. Program POOCH was used to determine the apparent location

Pty s o

and orientation of each of the four cameras. Program SLED was

-

employed to solve for the most likely point of the intercept in s

the three-dimensional SCS of rays from each pair of cameras to
each tracked point. Program WBRL was emploved to calculate time
histories of smoothed coordinate positions of each of the tracked
points, smoothed component and resultant accelerations of each

i of the tracked points, and orthogonal projections of the relative
positions of the right lateral orbital rim fiducial and the nose

fiducial.

The results of these calculations were printed on hard

copy and written on magnetic tape for offline plotting.

e e e B 2 o

Programs POOCH and SLED are described in detail in AMRL-
TR-78-94 "Photometric Methods for the Analysis of Human Kinematic

Responses to Impact Environments."

Data Preparation: Preparation of data for input to pro-

gram POOCH required digitization of projected image coordinates

of each of the fixed reference points and transcribing these values
together with the measured coordinates in the SCS of the points
into tabulating cards. The approximate measured coordinates in

the SCS of the focal point of the camera and the nominal focal
length of the lens were also transcribed to accounting cards.

These cards were then merged with system control cards and the
binary program cards and transmitted to ASD/AD, Bldg. 676, WPAFB

for processing.
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Processing of projected imagje coordinates to tnree-

dimensional positions in the SCS required, in addition to the Jd. .-
tized readings, location and orientation data for each ! the
cameras, reference fiducial table as seen by cvach camera, and a
film frame-time equivalence table. Cards containing these data
were punched and merged with the required system control cards

and were submitted to ASD/AD for processing with progran SLED.

The tables and plots output by program SLED were reviewc
for apparent gross errors. When none were observed, the card t1lcs
punched by program SLED were merged with system control cards ani
submitted to ASD/AD for processing to smoothed time-SCS coordinat. o,
velocities and accelerations by program WBRL which is presented
in Appendix A. Tables and plots generated by program WBRL are
presented in Appendices B through N.

Computation and Plotting: These functions were accom-

plished on the CDC systems at ASD/AD. The programs used have beco:.
previously referenced, however it i1s well to note that the proura:
WBRL calls subroutines from the system library to prepare and wr:'.

the tapes used for offline plotting.

Review of Results: The coordinate soluticons calculated

by program SLED from the projected images of films from cameras

11 and 12 resulted in smooth time-displacement curves for the v
and z components but were very erratic for the x component. Due
to the shallow angle between the optical axes of these careras
(approximately 19.8 degrees) even slight readinu error resulted

in large fore and aft errors (x coordinates). These errors becanic
even more magnified in the differentiation to x components cf

velocity and acceleration.

A statistical analysis of the miss distances between the
rays constructed from both cameras at the solution points was
accomplished by program SLED. The values of mean error and stan-
dard deviation from the mean calculated for each of the tracked
points for each test 1s tabulated at the start of cach »f the

data results appendices. The mean error and standari Jeviation




from the mean for the tracked points for all tests considered

are presented in Tables 24 and 25.

The above data indicated that the SCS solutions for the
T-1 fiducial were relatively poor. The hich standard deviations

for this point may be due to:

1. Refraction of rays passing through the seat back

window.

2. Glare from both window and fiducial as the seat

traveled past individual lamps.

3. Angle between the surface of the fiducial and the

ray to camera 14 was very small.

In general the fiducial surfaces were very reflective and diffi-
culty was experienced with recognizing the centers of all at
various times throughout the tests.

Calculated values of velocity and acceleration were

probably degraded as a function of frequency. A study by Mr.

Mohlman of error induced by smoothing displacement, velocity, and
acceleration data with a moving quadratic arc fit to eleven points ‘
will soon be published.2 The study was based in part on the i
analysis of sinusocidal displacement data sampled at 2 millisecond
intervals. The sinusoidal frequencies analyzed were varied from

2 Hz to 35 Hz. The results of this portion of Mr. Mohlman's

study were presented in Figure 21 and Table 20.
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SECTION 4
PICTOGRAPHIC PRESENTAT:ON

A need was seen to exist for a metnod of presenting, in
a compren:rsive manner, the sequential relative displacements of
body s>t as they respond to rmpact inpgats..  Program RSD was
devel ped to urocess data, digitized from selected frames of motion
pict .. <« recor ings of laboratory simulot.ons of —GX impacts, to a
ser:=s oI sln time-incremented pictograms of body segment positions
ang restroint pnarness strap displacements relative to the seat.

Ti..8 process was developed f.r the Biomechanical Protec-
tion Bra:.ui of the AF Aerospace HMedice: Research Laboratory
(AMRL/2R¥) located at Wright-Patterson Air Force Base (WPAFB),
Ohio.

It was developed to minimize the manual effort required
to c¢oavert digitized data to plotted pictograms. The processing

rocram 1s written in FORTRAN langu.:.g2 and utilizes library rou-
prosg g ; Y

rines av-.liable on the CDC computer systems at Aeronautical Systems
Divisi.ii's Digital Computation Facility (ASD/AD) at WPAFB.
4.1 PROGRAM RSD INPUT REQUIREMENTS

This section describes the content and format of the data
required to execute the program RSD. This program draws six graphs
on the CALCOMP plotter which show the position of the head, shoulder,
elbow, wrist, hip, knee and ankle at six time points during the
test. The six graphs are plotted on a report size page (6-1/2 by

9 inches.

Execution of the program RSD requires the CCAU and
CCPLOT1036 CALCOMP plot libraries. The CALCOMP plot output file
is written on file TAPE7.
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The first eight cards described below define the test

parameters and the remaining six sets of six cards each define

the input data at the six time points.

in the program are included with the data description.

ferences to the y axis in this

The variable names used
All re-~

text and in the program source

listing (Appendix C) should be interpreted as the chair z axis.
Card Number 1 -- Title Card
Columns Format Variable Name Description
1-60 6A10 TITLE Title or caption printed below the
set of six graphs. This title
should be centered in the 60 column
field.
Card Number 2 -~ MISC. data in inches
1- 5 Card ID, — not read by the program
6-12 F7.0 DPS Distance between Lexan panel and
seat side planes
13-19 F7.0 DSC Distance from seat side fiducial
plane to seat center line
20-26 F7.0 DPF Distance between fiducials on
Lexan panel
27-33 r7.0 DSF Distance “etween seat side fiducials
34-40 F7 XSB x shoulder belt —
attachment point H
41-47 F7.0 YSB y shoulder belt
attachment point
48~-54 F7.0 XLB X lap belt attach- relative to
ment point seat origin
55--61 F7.0 YLB y lap belt attach-
ment point
62-68 F7.0 XASSF x aft seat side
fiducial
69-75 F7.0 YASSF y aft seat side
fiducial —
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ACrass

Name

card Number 3 Breadths
qata are
i
fj Columns Format Variable
|
1= 5
o-12 7.0 BAF (1)
1:-19 F7.0 BAF (2)
2J-2o F7.0 BAF (3)
27-33 7.0 BAF (4)
2d-40 FTL0 BAF (5)
41-47 F7.0 BAF (6)
13-4 F7.0 BAF (7)
J 55-01l F7.0 BAF (8)
: 62-65 F7.0 BAF (9)
69-75 F7.0 BAF (10)

Card Number 4

1- 5

5-12 F7.
13-19 F7.
20-26 F7.
27-13 F7.
34-40 F7.
11-47 F7.
18-54 F7.
55-61 E7.

o O O O O o o o

Panel and seat

XPF
YPF
XPA
YPA
XSF
YSF
XSA
YSA

flaacrals 2351y
in counts.

Descrygtiqg

Card 1D

Hip

Knee

Ankle
Shoulder
Elbow

Wrist

Traceon

Nose

Harness lap buchle

Shoulder harness

.

S bhe Llournoen

fiducial data 1ir counts.

Card ID

.4

®

<KOR

<X
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Lexan Pancl TaD r1aucial

Lexan Panel FWD fiducial

Lexan Panel ATFT <iducial

Lexan Panel AFT fiducial

Seat Side FWD
Seat Side FWD
Seat Side AFT
Seat Side AFT

fiducial
fidacial
fiducial

“iducial

— -

e



i
[ . . ~ . . o .
: Ar L Nunbers 5 to 7 -~ x, y coordinates used to compute radii of
! _xdaibers o Lo/ , f

body elements (in counts).

Card Number 6

Jard umber 5
~olamns Format  Variable Name Description
1- 5 Card ID
» 6-12 F7.0 X1(2)}) X -~ First knee point
! 13~-19 F7.0 Y1(2) y ~ First knee point
20-26 7.0 X2(2) %X - Second knee point i
27-33 F7.0 Y2(2) Y - Second knee point E
34-40 F7.0 X1(3) x -~ First ankle point :
i 11-47 F7.0 Y1(3) v ~ First ankle point !
i 18-54 F7.C X2(3) X ~ Second ankle point .
' 5h=61 F7.0 Y2(3) y ~ Second ankle point i
i
]
i

same format as Card 5 above for the x, y points for the shou.er

[X1(4), etc.] and the elbow ([X1(5) etc.].

Card Number 7

Same format as Card 5 above for the x, y points for the wrist
[X1(6), Y1(6), etc.].

Card Number 8 -- Trageon and eye points required to compute the
ancle between the Trageon-Nose line and the
head z-axis (in counts).

1- 5 Card ID
6-12 7.0 T X ~ Trageon point
- , . measured when
13-19 F7.0 TY Yy ~ Trageon point the head z-
20-26 F7.0 EX X ~ Lye point axis line 1is
27-33 F7.0 EY Yy -~ Fye point J vertical

(Note that the head and hip radii are computed using the center

points from the 0 frame readings).




Film Data - the following six cards are required for |
: ! each of the six plots. i

Card Number 1 -- Time in milliseconds for this set of film data.

Columns Format Variable Name Description

1- 5 ID or frame number (e.g. TIME =)
6~ 8 A3 I™ Time in milliseconds

Card Number 2

1- 5 IS5 Frame number
6-12 F7.0 XSFF x ~ Seat forward fiducial
13-19 F7.0 YSFF y ~ Seat forward fiducial
20.- 26 F7.0 XAFF X ~ Seat aft fiducial
27-33 F7.0 YAFF y ~ Seat aft fiducial
34-40 F7.0 X(1) X ~ Hip center point
41-47 F7.0 Y (1) y ~ Hip center point
48-54 F7.0 X(2) % ~ Knee center point
55-61 F7.0 Y (2) y ~ Knee center point

Cards 3 through 6 have the same forma* as Card Number 2 above;

they contain the x and y c¢oordinates of the center point for each
variable. The number in parenthesis is the index of the x and y

arrays.

Card Number 3

Ankle (3), Shoulder(4), Elbow(5), and Wrist(e6).

Card Number 4: Trageon(7), Nose(8), Lap Buckle(9), First Shoulder

Harness (10).

Card Number 5: Next four Shoulder Harness points (11 to 14).

Card Number 6: Last two Shoulder Harness points (15 and 16).

(Note that the seven shoulder harness points are assumed to be
listed in sequence from the buckle to the top shoulder point;

that is, with increasing y values.)
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4.2 PILM DIGITYITNG PRCCEDURE

The title to be printed below the pictograms Sard 1. was

manually entored wvia the oo ara.

Th. e ey . cosulred (Card O owero v ily en-

The values of preadths across fiducials (Cara 3. wero
manually entered via the keyboard. BAF's 1 thru § were obtained

from L. o pretesu measurements form. BAF's 9 ard 10 woore oonsidered

©0o be constant, the shoulder strap center-center “ictiango . felng
€.38 1nches at the sinale Lree and 1 ipoch fust abor: woo cuackle

.o
-
»
“
)
i
N
1Y
o]
)

loops.  The distances bhetweo: Cof ers of Yhe sholiacy

meas .red prior to soeveral togts o e coanstant owo bl | oo
Srom o thie sinale tree to the 7wt Dl ol oweirae 0

sidered to be parallel ~uvr  aat @i v 0 o

The film reo . ri Jrpo : I - orrad
on the Urodors Soe Loorat oo Mol v

The f1lm was tranzae ot . Lol *he frame 1. which 0> .or -t f.ash
Vel .o v cered and che Trame counter oo - razat

to zero. The ©il- was transported {orward In the 31v o lao-

mode, the operator noting the frame numbers at which - taurth,

eighth, twelfth, sixtzernth, ind ~wentieth 0.01 gecrn . o rulses
appeared. The number o7 frames L0y ae zorets, oo s .» fiziplaced
from frame zero was subtracvte: o oacth oF fhe R - numbers

to determine the :ra-—g S al s

The film was transpor<e¢. packward wWwhilie @ ¢ LR NEY ST o T
served the changing attitude .: - he sablect's Reoo. The coumpoer
of the frame in which the head appeared to be ereoct wis not-
Identification of this frame is strictly subiective, lrweer, the
error resulting from this judgment remains cons: i+ S cLah

the processing of data from each test.
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After the film had been returned to frame zero the pro-
jected image coordinates of the reference fiducials on the lexan
panel and the side of the seat pan were digitized in the order

specified in the format for Card Number 4.

Two points were read at each of the joints on the subject's

left arm and leg in the order specified in the formats for Cards

5, 6, and 7. These points were digitized to define the diameter

of the circles representing the joints on the pictograms. The

ankle of the subject was not in the field of view at frame zero,

so the film was transported to a frame in which it was visible.

The readings of the ankle points were read and a tracing was made
in black ink on clear acrylic sheet of the fiducials on the ankle,
knee, and intermediate point on the lower leg. The tracinag also
included the outline of the shin. This overlay was later used to

locate the ankle fiducial when it was outside the field of view.

The film was transported to the frame noted as tli one
in which the head was erect and the coordinates of the fiu. ials
at the trageon and nose were digitized as specified ia the format
for Card Number 8.

The film was returned to frame zero. At this _Louint it
is well to note the possibility that on some films tb=z synchronizing
flash can be bright enough to wash out the images of some of the
fiducials. Had this occurred, time zero data would have been

digiti::d from frame -1 (99999 on counter).

Time after initiation (msec) was entered manually via the
keyboard as specified in the format for Film Data Card Number 1.
The coordinates of the projected images were digitized in the
order specified in the formats for Film Data Card Numbers 2 thru 6.
All points on the seat and the subjects were defined by the fidu-
1als with the exception of the shoulder, the elbow, and the wrist.
As the arm elevated, the arm segments demonstrated rotary motion
“asinr the fi1ducials on the elbow and wrist to rotate forward

©y the image of the arm. (Dummies with pinned joints do

cr doamonstrate this rotation) . At the shoulder, elbow and wrist




e _—

the points digitized were the estimated geometric centers of the

images of the joints.

The first point digitized on the harness was the center
u of the buckle. The second, third, and fourth points were digize.i
! upward along the left shoulder strap betwren the buckle and *he

clavicle. The fifth, sixth, and seventh points were digitize

upward (rearward) along the left shoulder strap hetween the <lav

icle and seatback.

4.3 RESULTS

The pictograms generated by the test case are illustrated
in Figure 31. The format and the presentation of the body segment
positions appear to accurately reflect the projected images in the
film frames from which the data were extracted. The projection
of the shoulder strap, as plotted, does not accurately reproduce
the observed path of the strap. A need to review the techniaue

used to digitize the strap data, and to improve the method of
fitting a curye to the data is indicated.
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APPENDIX A
PROGRAM HIFPD
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SRULAAM HIFSD(INPUT , QUTPUY TARPFS=INDPUT, TAPEE=GLIFUT,TACE Y goni100

JIMENSTION RESEIN2),VEL (3u2) 4y WHGI3C2) y MR (30 yWS2(3,7) ymr (302), 0G06012C
1 HEAQL (8) ,HEADR(8) ,HEADL (B!, DATA(L10Zi), YNPR(3), "Nt (3) 090140
CaVRUIG2) V(302 ,8X(302),A2(302: 000150

LOMMON  JBy3JRy NNZNP NCL,NC2,XX(302,6),2213C2,6), LUAL(E,, 000160
H IFRIIN2) X (30248, 7(302,8),I0142,JR(12),AC0(2L 2, 000180
cAZTH(302), CAL(8),XD(3L2),20(302),1 (302, ,01¢302),02¢3C2) 000200

COMMON sCPLTC/ HEADL,LTITLE(10),IRX,QYLF 3cto0222

TOUIVALENCE (RES (L), WS(L) 30T (1), (VEL (1), mHI1),00:1)), 1ACT(1)4HS2(000240
11)), (ACCG(1) ,WH2 (1)) J08263
Co XX (L) g VX)), (XX (1,2) AXLL) ,{Z2¢3,1) ,WZ12)),(22(8,2),AZ(1)) 000273

SATA ENDJUZLOAREND /4 YNPR/IHYES,3HYES,3HW NO/,YNPL/IHYES,3H NOQOG280
1,31 NO/ 000332

NATA HEADR/IH RANGE ,9M CLED, 9H HIP, I ¥.NEE, g3032¢C
1 9H SHOULDER, 9H ELBOW,9HHEAD PT 1,9HHEAD PT 2/, 000340
C HEADL/SHRANGE,HSLED,3HHIP ,LHKNEE ,8HSHOULDER ,SHELBOW, QHHEAD PT 1000360
3, 9MKWEAD PT 2/, 008380
& HEADC/ T  RANGE,7H SLED,6H HIP, 7h ¥NEE ,9H4 SHOULDEQDO&O0OQ
BR, 7H  ELBOW,QHHEAD FT 4,9KHEAD PT 2/ 000420

(#8803 80 0 58¢URRR NI EIRITIAIRTIAINIININTIRLIPRTLILNBSIBRRRIIIIVIIVSISIRRSAOGNLL]

:...‘...“...‘..“.‘..‘.."-'.....‘..'.“'..““...“.‘.‘..‘....“““..000‘.60

HYGE IMPACT FACILITY FHOTOMETRIC DATA ANALYSIS PROGRAM 000«80
C‘."..l YIS YSYFYNYIRNYYPEYIUIFS RS PIN PSS RS EES TSRS P Y R R PR Y YRS Y ] ..‘...‘.."000500
000520

PARAMETER NAME VERSUS 10 CODE 050540

CODE NAE 000560

030580

1 RANGE 000600

2 SLED 000620

3 MIP 000640

L KNEE 000660

H SHOULDER 000680

6 ELBOW 000700

7 HEAD PT 1 00072¢C

8 HEAD PT 2 000740

030760

Jﬁ():)nnuunnonnnnﬂnnn()nuﬂnnn()ﬂr‘n()n

SIS ILNILNIINLI LGN GRISEBIITIILSIDITNIIIIIVISIIATT ISV INIGIIBINRIENINIR(OT R
LYY Y Y Y Y P Y Y Y YRR YN YR Y PP Y R N YRS P RS IS Y SIN YIS RS RIS R R Y 2 ] ‘Q..uooaon

0Q0820

IRX=( === NO X=AXIS CHANGE Q00684g
IRX=1 wwe CHANGE POLARITY OFf Xx=AXIS DATA (MULT.BY ~-1.() ogoséed
pd088¢

ITYPE=) - READ AND PROCESS ALL @& PARAMETER. 000900
ITYPE=1 - READ AND PROCESS ONLY PARAMETERS 1, 2, 7 AND &, 0a832¢
000340

IPR<1 =we PRINT RAW DATA IN COUNTS 033960
geo0930

[CAM=0 ~— CAMERA IS NOT ON THE SLED 0sc1000
ICAM=1 == CAMERA IS ON THE SLED?! TRANSLATE AND ROTATE [ATA, 001820
031040

IA0J=0 == N0 X OR 2 AUJUSTMENT READ OR APPLIED, 001060
14GJ=1 =~ YADJ AND ZADJ ARE READ AND ADDED TO AL_ X AND 7 DATA 0C1080
9EFDRE ANY TAB QUTPYT, 001100

001420

IPL=C ==« PRINT ANDL PLOT LINEAR VEL AND ACCEL DATA 001160




c
C
C
c

D )

OO0 0O 0o

OO0

(2N s NeNeNeRal

PCYOrOY O

IPL <1 == 235, CINSw o A ALUTL Jhkae

IPL=2 v~= UMLIT LuNESF F e tTlEL JATA

IPA=( -e= PRINT ANL PLOUT ENoULaR Yoo AND ALCE . UAid
IPA=1 =~== PRINT ZNLULLY VE! AN 220t ua" A

{PA=2 - == OMIT ANOULAW V. AN, AZUEL usia

IP. ) wwme ORXINT aND FL 0T SExAre e 0S8 Lol b
IPC=1 =w~ FRINT PARAMF I 2/ GEVO LS S L8870

JPCez OMTTY  FRRANETED wIu™

DISPLACEAS 13T, WE. A 7 ATTEC ORTA BRT SO el rim S0
OATAe  ID(T . ANL IRC(L) CONTEIN TH fwe CETS (v PEal--

FOR PAKAMETER ANU REFERENCE REUPECTIvVc. Y.

TUehT
LDENT

LDCLs
IR(T)

LUNTAINS PARGw TER
LINTAINS ROFERE bl

el sid
- core

TITLE(D)
TITLE(2
TITLE(D)

CONTAINL THY DATE
=we CONTAINS 4t TEST rnuUMSER
== TITLE(10) CONTAIN AN 8L

AR AL R P

Cat (.n

— -

UONTAINS fhE
THROUGH 8.

CALIBKAVION FALTURS FUK 2aRAaM

JD ==« FRAME NUMBEF UF FiKST
SLED 2L 0T, (REDE:INEL
FRAME NJMBER 0OF LAST

SLED °LOT. (REDEFINETD

FRAME
AFTER
FRAME
AFTER

PLCTTIEY N
INPUT
PLOTTEY
INPUT!

AR AT

JR === utl PARANK-]

CALL PLOTS(DATA,1024,7)
MAXN IS THE MAXIMUM NUMBER OF FRAMES WHICH CAN BE PROCISS:LECD
ABOVE ARRAY DIMENSIONS.

MAXN=1€0

MAXN=202

Ci==1,0E20

CAL71)3(e0

ICAL (1) =1

BT =23,141592,

PIcz24.( %P1

P{34=3,0%PI76, 0

NP 135 THE NUMBER 3F POINTS JSI 1. Twrce wdd 2110 - 2a’T LG ut
NP=11

RELU TES( SETL® aRDS,

TITLE (1) CONTAINS THE DITer.
READ(S,4010)TTTLE ()

& PEAD(5,1310) (TIVLE(I), =3,1C
IF (TITLE(I) «E0e ENLJY GO TC 444
READ (5,1005) NPL,NP2,J0, UK
IF (NP1 L Te 3) NPi=11
IF (NP2 LLTe 31 NP2z 11

TITLE(2) CONTAINS THE TEST NUMyIk,
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530
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Sap
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58
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57¢
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530

(I0¢ID ’IR(I) 'x31'12)’NP|D'LP

IF (NP .LTe 3) NP=1y

IF (IADJ +GT, 0) READ(S5,1020)
READ(5,1020) DT, (CAL W) ,J=2,8)

IF (JO +LTe 1) JD=1

IF (JR +LTs £) JR=999
WRITE(652500L) TITLE,NP
IF (IADJ) &iD,e40,450
IADY=0

GO TO 455

JADJ =1

IF (ICAM) 460,460,465
ICANSD

GO TO 478

ICAN=L

IF (IRX) 480,480,490
IRX=0

GO TO 495

IRX=3

IF (IPR) 500,500,505
IPRa(

GO TO 519

IPR=1

IF (IPL-1) 515,525,520
IPL=¢

GO T0 52%

IPL=2

IF (IPA~1) 530,540,535
IPA=D

GO TO Sko

IPA=2

IF (IPC~4) 545,560,550
IPC=0

GO TO 560

IPC=2

I=1

IFLAG=D

NCi=1

NC2=999

IFRD=-100

IF(DT) 565,565,570
OT250G. b

IF (ITYPE) 575,575,580
ITYPE=Q

J1 =3

60 TO 1L

ITYPE=2)

Ji=7

002260
READ(5,1030) TITLE(2),IRX,IPR,ITYPE,IPL,ICAM,IPA,IADJ,IPC,J0,JR,M,002280

002300
n02320
0082340
00236¢0
s02380
gg2400
ai2u20
062440
002660
002480
002500
60252¢
002540
802560
gg2ssc
0062600
002620
002640
002660
202680
002700
002720
002740
402760
002730
002800
6a282¢
002840
002860
gg288¢
902900
9029290
602940
352960
002989
003000
803020
003040
003060
003080
0Q310¢C
803120
003140
00316C
403180
003200
203220
033240

585 READ(5,1000) ICD,IFR(I),(X(T,U),2(1,0),J%3,2), iX{1,J),2¢1,4),I=7,80G3260
1)

539

00 590 JU=3,6
X{(IyJ)2Ge
Z(Iy NN =20e0

156

003280
8033308
203320
003340
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IF (ICD-1) 595,595,100
535 IF (IFR(I)=IFRD) 600,600,610
630 WRITE(6,2410) IFR(I)

IFLAG=1
610 IFRD=IFR(I)

GO TO &¢C

FROM HERE TO LABEL 115t READ A MAXIMUM OF “MAXN®

10 READ(5,1060) ICD,ZIFR(I}p(X(I4J)y2(Iyd)yJ=1,4k)
FOLLOWING CARD CHANGED TO INPUT PAPER TAPE DATAZ
IF (ICD=-1) 15,15,4100
IF (ICD=-1) 103,15,100
15 IF (IFR(I}=1IFRD) 28,20,25%
20 WRITE(6,26410) IFR(I)
IFLAG=1
25 READ(5,1000) ICD,IFRD, (X(I,4),2(I,J),J25,8)
FOLLOWING CARD CHANGED TO INPUT PAPER TAPE DATAR
IF (ICD=-2) 30,30,70
IF (ICD=2) 7064,30,7C
3C IF (IFR(I)=IFRD) 35,40,35
35 WRITE(6,2600) IFR(I),IFRO
IFLAG=1
Wl T(I)=FLOAT(IFR(I)) /DT
IF (IFR(I) +EQe JD) NC1=I
IF (IFR(I) 4EQes JR) NC2=I
ADD *XADJ’ ANO *72A047 10 I=TH DATA POINTI
IF (1ADJ) 55,55,42
42 DO &5 u=1,2
X(I,J)=X(I,J4)+XADJ
@S Z(I,U)=2(1,J)+ZA0J
D0 S5C J=J1,8
X(I,J)=X(I,J)+XADJ
50 Z1I,J)=2Z(1,4)+ZADJ
55 IF (I=MAXN) 60,60,65
60 I=Iet
IF (ITYPE) 10,10,585
65 WRITE(6,2860) MAXN,IFR(I)
IF (ITYPE) 10,10,585
70 WRITE(6,2000) ICD,IFRD
IFLAG=1
GO T0 10
13C IF (ICD0-9) 110,115,110
110 WRITE(6,2000) ICO,IFR(I)
IFLAG=1
IF (ITYPE) 1u410,585
115 N=z]=-1}
DTT=(T{N)=T(1))1/FLOAT(N=4)
IF (IRX) 118,118,116
116 00 117 Isi,N
00 117 U=g,¢
117 X(Iy ) a=%X(I,J)

PRINT TEST PARAMETER SUMMARY PAGE,
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(e XaNel

'SR SRS

iin

125

130

132

13%
137

WRITE (e, 100)
WRIT: (0,2840)
LBy, IRl
WR T 23
WRITi (642130
I¥ {IAZ, o37.
WRITE(&,2160)
WRITE 102150,
ARITE 1., 215
Wk ITEME,2160)
wRITL(6,2190)
WRITE (R ,2180)
WRITE(B,2170)
30 130 uy=2,P
IF (ABS(CAL(J

oI,

PPN

3046660

TiTiot2 yN,OT, T2, LTYOL ,JCAM,JAC U, IPR,IP.L ,1PA, [P, M, 004480

v 152
1233
iLa
LB
T
N

TN

o M)

ADL (1) ,1=8,%)
L(I),122,8)
WR1ITE16,2128)

PLi2=18)

YNPR(IPR+*1)
YNOR(IPL+L. , YHNPL(IPL+1)
YNPR(IPA«L1) , YNPL(IPA+ L)
INPR(TPC+1) , INPL(TPCHY)

V)

CAL(Jr=140/CAL (J)

ICAL tyy =1
56 70 130
ICAL tu) =D
WRITE16,2820)
CONTINUE
WRITE(6,257C0)

120,125,120

HEADL ( J)

1F (m) 137,137,132

U0 135 K=i,M
JO=I0:)
JRzIR(X)

IF (ICAL 30
Wk ITE(6,2210)
CONTINUE

LT

XADJS,ZADJ

1 +OR. ICALUWJR) 4 LT,
Ky HEANL (.JD) , HE ADL (JR)

IF (IPR)Y 140,140,105

ORINT RAW INPUT OATA IN COUNTS.

140

SOMPUTE AN

1ub

147
148

WRITE(6,2500)
WRITE(6,2550)
WRITE(6,2560)
00 145 I=1,N
NRITE(6,2580)
WRITE (6,2500)
WRITE(6,2552)
WRITE(6,2560)

TIT

LE, NP

HEADC

TFR(TY pUXU150) ,2(143Y,521,8)

TITLE,NP

nEANC

LFOCITYFE) dw8,108,146

CC 1.7 J=3,56
xPLar=0.0
xDtJ1=C.0
D0 1ol Ia32,N

XD{1)aX({I,4)=Xx(I=4,1)
2081 =2(l41)=2(1~4,1)
X0(2)=X(1,2)=X{I=1,2)=XU(l)
20621=2(1,2)=211=1,2)=10(1)

00 153 J=J1,8

X0t =X (I, ~x({1=1,J)=XD(1)

1

G0 TO 135

PRINT FRANUF TO FRAME LIFFERENCES IN COUNTS

0045090
504520
064540
00u560
004589
CO0wbDC
00u620
Suabul
004660
00w680
D0W70C
006720
006740
00u?66
006780
J04806C
0lw82C
D0&B8al
006860
004880
gow300
008920
CO0uSael
008960
004980
0J)50060
005020
025043
00506C
005080
005100
805120
305140
005160
005180
0352090
0452210
305240
016260
005280
005300
005320
N105340
peS3I60
005340
005400
1056427
J0%64)
J05460
005480
005500
805520
2055460




150 200 =2 (1, =2(1-1,4)=20(1) Gub56C

WRITE(6,2580) IFR(I),(XD(J)yZD(J)yJ=1,8) w25540
160 CONTINUE 505600
C  CONVERT DATA FROM COUNTS TG FEET, 311562°
165 IF (IFLAG) 170,170,167 05640
167 WRITE(6,2500) TITLE,NP 305660
NRITE(6,2830) 005€ 80
GC T0 5 0957177
170 IF (ICAM) 175,175,650 gasrac ;
175 DC 185 I=1,N n05743C
o 005762 :
T Hi AND H2 AQJUST DATA FOR SHIFT IN RANGE REFERENCE READING. J05780
o 005800
H1=X(1,2)=X(1,1) 065820
H232(1,1)=2(1,1) 005840
Xt1,2)=(X(I,2)=H1)*CAL (2) 00566¢
2(1,2)=(2(1,2)=H2)*CAL (D) 00Sa8L
00 18; J=Ji,8 6353¢°0
X(I,D=(X(I,J)=H1)*CAL (J) 005920 N
180 Z(I1, H=(2(1,4)=H2)*CAL (J) 00534C ’
185 CONTINUE 135363
o DO BLD NP=NPi,NP2,2 WINCEET ;
G0 TO 695 0Col0 k
550 IF (1PR) 655,655,660 dubi
655 WRITE(6,2500) TITLE,NF G0BLw"
WRITE(6,250) 606GnL
WRITE(6,2560) HEADC oibl A,
C CALL SUBROUTINE *ROTATE’ TO ROTATE, TRANSLATE, ANG CALIBRATE Twt 0I&L0C
C ON=BOARD CAMERA DATA (ICAM>(), 026i2¢C
660 CALL ROTATE(N,Ji,IPR) 306140
C COMPUTE THE MEAN AND STANDARD OEVIATION ABOUT THE MEAN FOR S ED 036150
C REFERENCE DATA: 3106151
695 CALL MEANL (N, X(1,2),2¢1,2)) pCELAC
NL1=(NP=1)/2+1 006180
N2 =N=N1+1 DoB2UL !
N3=3%N1=2 006572 '
Nig=N=N3 +1 20677
NN=N2=N1i+1 915626C
IF (IPC4IPA=~4) 700,80C,800 906720
o uds20C
! (etessssssss COMPUTE PARAMETER VERSUS SLED DISPLACEMENTS, 9663I0C
c (U63us
700 D0 725 J=3,8 046360
NRENLY. G063AC
! IF (ICAL(J)) 715,715,705 006600
1 7u% 00 710 I=1,N 0C6u>s
| XD (1) =X (I, =X 1(],2) 0 0buul
‘ 710 20(I)1=2(Ll,N=2¢(1,2) 006860
] 1=1 156680 .
s CALL SMIT XDy XXiIeJJ),NyNP) 00653
| CALL SM(T,Z5,22(I,dJ),N,NP) 076520
’ 60 To 725 fhb5url
i 715 0C 723 1I=Ni,N? 006560
xX{l,3J)=0a0 336588
! 728 22(1,J0)=0.0 20bR0C
|
k
!




72% CONTINUE LIb620

IF (IPC-1) 728,728,743 006640

728 LINE=&D G0-66"
0O 740 I=N1,N2 606680

TF (LINE=50) 735,730,730 0367920

730 WRITE(6,2500) TITLE,NP Que723
WRITE(6,255%) 306740
WRITE(6,2565) (HEADC(J) ,=3,8) 306760

LINE= © Cus74a¢C

Z  PRINT PARAMET#R ERSUS SLED DATA. 006%¢G¢C
736 MRIVE(6,2585) 1FRCI) T (L) 9 (XX{Tgudd 22201440 4duzl,é6; pobe2s
LINE =L LINE+L 006840

740 CONTINUE 00686C
IF (TIPC) TW2,742,743 006880

T2 IF (NC1 oLTe N1) NCi1i=Ni 00639n0
IF (NC2 +GTe N2) NC2aN2 006923
NN=NC2=NC1+1 IN69LL

IP=1 8666960

C PLOT PARAMETER VERSUS SLEO DATA, 006980
CALL CPLT(T,DI,OC,IP) 047300
WRITE(6,2595) IFR(NCL) ,IFRINC2) 087028

743 IF (IPA=2) 745,800,800 Ji7040
,’?'.‘D‘.“‘l..“.‘..“...l 007060
T COMPUTE ANGULAR VELCOCITY AND ACCELERATION; MERE T0 LABER 775, 9C7C0Ar
C*sss803s08003830558803 s 007100
745 XD(N1-1)2P] 00732¢C
ZD (N1=1) =P 007140

IF (ICAL(3)+ICAL(5)~2) 756,750,750 807160

750 D0 755 I=N1i,N2 907180
H1=ZZ(1,3)=22(1,1) go7eoo0
H2=zXX(I,3)=XX(I,1) 007220

C SHOULDER = HIP ANGLE 837240
XD (I)=ATAN2(HL1,H2) 037260

IF (XD(I) oLTs 0e0) XDU(I)=XD(I)+PI2 0072890

IF (ABS(XD(I)=XD(I=1)) «GT. PI3&) XO(I)=XO(I)ePI2 g0a73ng

75% CONTINUE per320
CALL DERIVI(T  XD,WS,NyNP,1) DC7Xur

CALL DERIVi(T,WS,WS2,NyNP,2) 0C7360

GO TO 7538 DC738C

756 NO 757 I=N1,N2 027400
XD(I1)=0,0 C07420

WS (1)=0.0 0C74uG

767 WS2(I)=C.0 007460
738 IF (ICAL(7)+ICAL(8)=2) 782,759,753 07482
759 30 760 I=Ni,N2 307500
H1=22(1,5)=22(1,6) cg7%2¢

H2=XX (I 35)=XX(I,6) 007540

C  HEAD PT 1 - HEAD PT 2 ANGLET® 0C7560
ZD (1) =ATAN2 (H1,H2) aJ7%8t

IF (20(1) «LTe G.0) ZO(IN=Z0(I)+PT2 00760°C

IF (ARSI(IDUtIN=20(I=1)) 45T, PI3k) ZO0(11=2D(1)+PI2 007629

760 CONTINUE 007640
CALL DERIVLI(T,ID,WH,NyNP,1) 007660

CALL DERIVLIT, Wi, WH2  NyNP,2) 0C768C

50 TC 7¢&4 037700

— —
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OO0

OO0

762

-
768

D0 764 I=N1,N2
ZD(I)=040

WH(I)=0,.0

WH2(I)=(0.0

LINE =60

DO 775 I=N3,N&

IF (LINE=50) 772,770,77C
WRITE(6,2500) TITLE,NP
WRITE(6,2551)
WRITE(6,2520)

LINE= §

PRINT ANGULAR VELOCITY AND ACCELERAT ION,

772
775

780

WRITE(6,2590) IFR(I) T(I) XD (I),WS(I),HS2(I),ZD(I) ,WH(I),WH2(])

LINE=LINE+1

CONT INUE

IF (IPA) 780,780,800

IP=2

NN=Nb=N3+1

Jp=5

JR=3

IF (ICAL(3)+ICAL(5)=2) 790,785,785

PLOT ANGULAR VELOCITY AND ACCELERATION DATA,

735
790

7985
830

190

198

202

CALL CPLT(T(N3),HWSI(N3),NS2(N3),IP)
J0=7

JR=8

IF C(ICAL(7)Y+ICAL(8)=2) 800,795,795
CALL CPLTU(TU(N3) yHH(N3) ,WH2 (N3} ,IP)
CONTINUE

IF (M oLTe 1 «O0Re IPL JEQ. 2) GO TO S
DO 200 J=2,8

IF (ICAL(J)) 200,200,190

DO 195 I=2,N

X(IpJd)= X(IyJ)=X(1,J)

Z(I,d)= Z(Isd)=2(1,J)

X{1yJ)= 060

2(1,J)= Q.0

CONTINUE

IP=3

DO 410 NP=NPL{,NP2,2

N1=(NP=1)/2+1

N2=N=N1+1

N3=3*%N1=2

Wiy mN=N3I 41

NNaN4=NI+1

BOBBIBNIBIBBBIIBIBNIINESS

COMPUTE LINEAR VELOCITY AND ACCEL DATA FOR PARAMETER ID(K: WITH
RESPECT TO IR(K): HMERE TO LABEL &03.

SR SBBBI LB BBIHH355888

N0 Ul K=1,M

J0=ID(K)

IF (JD «LEe 1) GO TO 390
JR=IP(K)

IF (JR +LTs 1) GO TO 395

Lol

parrzo
007740
0077¢0
sLrrey
0o7sng
907¢279
0L78&L
707860
927881
£075"2
s07920
007S%4uy
607960
207980
308030
ogsc2g
03J8lwW?
008060
@0sC80
0C8170.
308120
00814&"N
308160
6L310
0gszoc
gpaz2e
- YA
0g8ezsl
00828¢
0083130
0083290
008340
0u33e?
gnale.
008&D1
vJ84L20
308441
0.8460
01848¢C
0085GL
Joss2r
Ju856LC
30ased
go8s8c
onseng
10860
0L8640
0L8esT
80868C
£as8700
008720
0Jaz74Ll
008762
8ca780
0nsaond




IF (ICAL{JD) ouTe 1 oORe ICAL(UR) oLTe 1) 50 TC =00 306823
XMP=C4 008kug
7MP=C1 DCBREG
Rz (C1 0D8ESH
XMN==C1 0083977
IMN=-C1 Cce32¢C
D0 212 I=1,N 0uBy&L !
1F (JR=1) 205,205,210 038967 j
295 OI(IN=x(1,40) LLEBGQET :
3C(II=2(1,3D) slacue
GO TC 212 egpacae
210 CIC(I)=X(I1,dDr=X{I,JR) 009642
DC(I)=2(I,JD)=Z(I,JR) 0C9cse:
212 CONTINUE 203C08C !
CALL SM(T,0I,XDyN,NP) argl2g
CALL SM(T,DC,2ZD,N,NP) gugt1ac
C  COMPUTE MEAN AND STANDARD OEVIATION OF DIFFERENCE BETWEEN SH0OTHEY G39e11e !
C  AND UNSMOOTHED QISPLACEMENT DATAS (09122 §
CALL MEAN2(N1,N2,D0I,0C,XD,2ZD,SHX,SHX2,SM7,SMZ2) 00914¢ i
c £2916C 3
C  COMPUTE MAXIMUM X, Z AND RESULTANT DISPLACEMENT. 069180 1
c 009209 '
DO 26F I=N1,N2 00922¢C
RES(1)=SQRT(XD (1) *X0(I)+ZD (I3 >20(I)) 009240 .
IF (XD(I)=XMP) 220,22(,215 209260 ¥
215 xMP=XxD (1) 0039280 ‘
TXMP=T (1) 0033090
G0 ToO 230 009320
220 IF (XD(I)=XMN) 225,236,230 009340
225 XMN=XD(I) 009360
TXMN=T (1) 009380
230 IF (2D(I)=2MP) 240,240,235 029400
235 ZMP=7D(I) 009420
TIMP=T{(1I) 009440
GO TO 25u 009460
240G IF (ZD(I)=ZMN) 245,245,250 509680
245 ZMN=Z0(I) 009500
TZMN=T(I) 0095260
250 IF (RES(I)=RM) 260,260,255 0:9546
255 RM=RES(I) 00956¢C
TRM= T(I) 069580
260 CONTINUS qu960¢0
COMPUTE LINEAR VELOCITY, 0L9620
CALL DERIVLI(T,XD,VXyNyNP,1) D0964C
CALL DERIVI(T,ZD,VZIyNyNP,1" np96s0
COMPUTE LINEAR ACCELERATICON DATA, 009660
CALL UERIVI(T,VX,AX,N,NP,2) 309680
CALL DERIVI(T ,VZ,AZ,N,NP,2) 00969C
LINE=GD 309730
D0 28y I=N3,NbL 009720
VEL(IP=SQRT(VXII) *VX(I)+VZ(I)®VIII)) 009730
ACC(I)=SART(AX(I)*AX(I)+AZ(1)*AZ(I)) 009735
IF (LINE-S50) 275,270,270 009740
270 WRITE(6,2500) TITLE,NP 00976¢
WRITE(6,2200) HEADR(JC),HEADL (JR) 309780




i
|
!
|
1
1

WRITE(6£,2510) PINTL ol

LINE= O 05503

C  BRINT LINEAR DISPL, VE. AND ACCEL DATA, 203214
275 ACCG (I)=ACC(I) /32,2 LPELLY]
WRITE(6,2600) IFR(I),¥(I),XD(I},ZD0I),RES(I),VEL(I),ACC(I),AZC5(1)10098RD

LINE =L INE+2 MEELE

280 CONTINUE N2t
IF (LINE=40) 336,33, 320 309945

320 WRITE(6,2500) TITLE,NP 0023962
WRITE(6,2200) HEAQR(JD) ,HEADL (JR) RELEL]

330 WRITE(6,2700) XMP,TXMP 0140
WRITE(6,2740) XMN,TXMN 010620
WRITE(6,2720) ZMP,T2HP 10345
WRITE(6,2730) ZMN,TZMN G105€0
NRITE(6,2740) RM,TR™ £.a04¢6

WRITE (6,2920) SMX,SMX2,SMZ,S$MZ2 1LY ¢

o giusc
C ®LOT LINEAR VELOCTITY AND ACCELERATIGN DATS, J13:60
c 070160
35y IF (IPL) 360,360,400 0:0186¢
360 CALL CPLT(TIN3),VELIN3),ACCG (N3 ,IP) nigzo°
GC TO 490 010222

330 WRITE(6,2500) TITLE,NP (PIERN]
WRITE(6,2800) K 213260

GO TO 4u0 01424y

395 WRPITE(6,2500) TITLE,NP 312300
WRITE(6,2810) X 213329

400 CONTINUE 410240

C 410 CONTINUE 010362
G0 TO0 S 01024¢C

939 WRITE(6,2900) 510400
CALL PLOTE 010420

SToP Di1D6u0

C FOLLOWING CARD CHANGED TO INPUT PAPER TAPE DATA: 010860
1030 FORMAT(I1,I4,8F7.0) 310480
C1000 FORMAT(IL1,I5,8F6.0) 310500
1010 FORMAT(8A10) D10%20
1020 FORMAT(8F10.,0) 210540
103C FORMAT(AS5,8I1, 213,12412(12,111,13,F5,0) 010567
2630 FORMAT(/ uX,*EQROR IN CARD IDENTIFICATION NUMBER; CARD ID=*,12, 21058¢
*: FRAME NUMBER =*,I4) 010600

2130 FORMAT(// 4X,®*TEST N nv IRX ITYPE ICam -TAGJ IPR 010627
1IPL ira IPC M SETS1*,1214) 0106 eC

2110 FORMAT( 3X,A5,16,FLGe3:14s?I6sI5,7X,412(13,11)) 010660
2120 FORMAT(s// 36X,7(A10,2X)) 01064¢C
2130 FORMAT( 4X,*CALIB DATA IN COUNTS PER FOOT1%,FQ,3,6F12.3) g107ze
2135 FORMAT(/ 4x,®ADJUSTMENT FACTORS AQDED TO ALL X AND 7 INPUT DATA: XD1§720
1ADJ=*,F10e2,* AND ZADJU=*,F10.2) 010740

2140 FORMAT(/ 4X,®AVERAGE TIME INCREMENT BETMEEN POINTSI®,F (,5) 2107s¢
2150 FORMAT(/6X,*NUMBER OF FRAMES READ! *,Is,* FRAMESS) 31078¢C
2155 FORMAT(/4X,*REVERSE POLARITY OF X=AXIS DATA (MULT. BY -1,4d)1 *,A3)010890
2150 FORMAT(/4X,*PRINT LISTING OF INPUT DATA IN COUNTST *,a2) 910222
2170 FORMAT(/4X,*PARAMETERS RELATIVE TO SULID DISPLACEMENTSS PRINT? *,010Rup
IA3 44Xy *PLOT? *,A3) 019860

2130 FORMAT(/G4X,®*ANGULAR VELOCITY AND ACCELERATION DATZ: PRINT? *,2108t8¢C




143 ,4X,%PLQOT? *,43) 0109CC

2130 FORMAT (/WX,®LINEAR VELOCZITY ANGC ACCELERATION TaTA: PRINT? *,010920
183 ,6X%,*PLOT? *,A) 310940
22)0 FORMAT(,/ 31X,AG,* mnOTION RILATIVE TO THE *,AC 310960
2210 FORMAT(/10X,12,%) *,A9,* MOTICOM RELATIVE TO THr *,A49) 01088C
2430 FORMAT(/ X,®ERROR IN FRAME NUMBERS; FRAME NUMBEF ON Z8RC 4 =%,106,014000
1 * FRAME NUMBER ON CARC 2 =%,lu) 011c02C
2410 FORMAT(/ &X,*FRAME NUMBER IS NOT INCREASING; IWfln FRAMt COUNT FORJU110C
1 CARDC 1, FRAME= *,IS5) 011C6°C
2510 FORMAT (1M1,3%X,®DATES *,A80,20%,*TEST NUMBER:T *,A5/ 91108°¢
1/ 4X48A810,5%X,12,® POINT LUADRATIC FITe) 011100
2510 FORMAT(/ 32X,®0ISPLACEMENT® 15X, *VELOCITY *,2(5Xx,®ACCI IRATION®) /011125
A  WX,*FRAME®, 011140
1 WX P TIME® ,BX,% Y%, 10X,%2 *,2(5%, *RESULTENTS, ,2(8X,*RESULTANT®) /011160
B 4X,* NO, *, 012280
2 WX ,*(SEC)*,2(S5X,*(FEET)®),b6X,®(FEET)*, 7 ,8(FY/SEC)®,7x,*(FT/SEC 011220
ISQI*,10X,*%(6G) *) 01122¢
2520 FORMAT (// 29¥,*SHOULDER = HIP®,21X,®HEAD F. | - HEAT PT 2%/ 0112610
1 * FRAME TIME®, 2( 7X,°TH" A®, BX,%W®, 10X, *w=ACC%, LX)/ J11260
2 * NO. (SEC)*, 2(4X,®(Kk-UIANS) (RAQ/SEC) (RAD/SEC SQ) *): Ji112°¢
2540 FORMAT (//4X4*THE FOLLOWING IS 28 LISTING OF THE INPUT O8TA& IN CTCOUNTCZ113C°
1S AFTER TRANSLATION AND ROTATION OF On=BOARD CAMERA DATL1Se) 011329
2550 FORMAT (//74Xy* -HE FOLLONWING IS A4 LISTING OF THE INPUT DATE IN CZCOUNTQ113&(
1St+) 01126¢C
2551 FORMAT (//kX,*THE FOLLOWING IS A& LISTING OF Tw ANGULAF  “TION OF TJ311350
1HE HEAD AND SHOUL DERt*) 011400
2552 FORMAT (//4X,*THE FOLLOWING I5 % LISTING OF D(I)=DRI(L1)=3{I=1)«DR(I=~01162C
12) IN COUNTS:t®) Cli1s4p
2555 FORMAT (//74X,*THE FOLLOWING IS A _ISTING OF PARAMETER - SLEZ T "PLAD1146D
1CEMENT IN FEET®) 01ie8"
2560 FORMAT (/7 * FRAME *, B8(6X,A10)/7 2X,®NQO.*, B(BX,®X®,r: "7%)) 01150
2565 FORMAT (/7 * FRAME TIME *,6( 7X,A10)/ 011526
1 * NO. (SEC)®, 6( 7X,®*X*,6X,%2Z *)) PRSLE N
2570 FORMAT (//4Xy*LINEAR DISPLACEMENT, VELOCITY AND ACCELERA™ .U~ DATA wW0311560
1ILL BE COMPUTED FOR THE FOLLOMWING?®) 03158¢C
2580 FORMAT (41X ,I4,2X48(F9.04F7.0)) N11600
2585 FORMAT(AX,ThyFlle546(F10e39F73)) 01162¢C
2590 FORMAT(1X,Ib,F11.5,2(F10,3+F11.3,F13.3,6X)) N11640
2585 FORMAT (//74Xys®THE ABOVE DATA NAS PLOTTED (X VERSUS 2Z) FOR FRAME NUMD11660
1BER® ,14,®* TU FRAME NUMBER®*,I&) 01168C
2630 FORMAT(4X,Jby F1145,F10e3,F11.3,F12,3,F15.3,F16.3,F17. 1) 011700
2730 FORMAT(/ tGX,*MAXIMUM POSITIVE Xx D/SPLACEMENT=*,F3,3, * AT TIME *(011720
ly F8e5) 0117w
2740 FORMAT(/ (GX,*MAXIMUM NEGATIVE X DISPLACEMENT=%,F3,3, * AT TIME *011760
1y F8.5) gi1178¢C
2720 FORMAT(/ X,*MAXIMUM POSITIVE Z DISPLACEMENT=*,F8,3, * AT TIME *01180C
1, F8.5) 0131820
2730 FORMAT(/ (X, *MAXIMUM NEGATIVE Z DISPLACEMENT=*,F8,3, * LT TIM: *011840
1, FB8.5) 711860
2740 FORMAT(/ 4X,*MAXIMUM RESULTANT DISPLACEMENT=®*,FB,3, ® AT TIME ®p1188¢
1, F8.%) 011300

28J0 FORMAT(//74X, *OMIT COMPUTATIONS FOR SET*,I3/ 4&X,*THI PROGRAM 15711Q0%
1 NOT DESIGNED TO COMPUTE RANGE OISPLACEMENT, VELOCITY AND ACCELERAQ11GLD

2TION,*/ 4X,®0ATA PARAMETER CODE IS LESS THAN OR EQUAL TC t*) 011969
2810 FURMAT(///74X, *OMIT COMPUTATIONS FOR SET*,I3/ 011985
164




i 4X,*REFERENCE PARAMETER CODE IS LESS THAN 1*) 0120C2
2820 FORMAT(/ 4X,*CALIBRATION FACTOR IS 0.0 THUS COMPUTATICNS WILL BE 001202°

IMITTED FOR THE FOLLOWING PARAMETER! *,A10) 01203
2830 FORMAT (//1X,134(1H®)//uX, *OMIT THE REMAINDER OF THE COMPUTATIONS012050
1 FOR THIS TEST BECAUSE OF INPUT CARD PROBLEMS.*/ 01203843
2 4X,*SEE ERROR STATEMENTS AT THE BEGINNING OF THE OUTPUT FOR THIS 012100
3TEST2//7 1X,134(1H*)) 012120
2840 FORMAT (/uX,*NUMBER OF FRAMES IS »>%,I&,*; OMIT DATA FOR FRAME NUMBO12i4D
1ER3%,1I4) 012160
2900 FORMAT(®1 ENO OF JOB*) 012143

2920 FORMAT{/4X,*MEAN AND STANDARD NEVIATION OF UNSMOOTHZD-SMOOTHED DIS01220C
APLACEMENT DATA*/4X,*MEAN AND S.De OF X=* ;1P2E15.,5/4X,*MEAN AND S.012772
20 OF Z=+, 2E15.5) 01224C
END 012260

165




[sXsNeNeXe]

SUBROUTINE CPLY(T,Y,2,IP)

DIMENSION X(352),T(1),Y(1),Z(1)

COMMON  JO,JRy NyNP,I1,12,XX(30296),22(302,6),ICAL(8)
COMMON /CPLTC/ HEADL(8) ,DATE,TEST,TITLE (8) ,IRX,DYLP

IP=1 === COMPOSITE PLOT OF PARAMETER VERSUS SLED DATA
IP=2 ==« PLOT OF ANGULAR VEL AND ACCEL

IP=3 ~== PLOT OF VEL AND ACCEL

SXMAX IS THE MAXIMUM LENGTH OF THE TIME SCALE IN INCHES.

15
20

30
w0

w2
“3

sl

SXMAX=17.0
SXMAX=32.0
SY=10.0

0x=0e02

Niz=N+t

N2=N+2

IF (IP=2) 300,5,5
DO 10 J=1,N

X(J) =T (D)
X(N1) =FLOAT(IFIX(X¢(31)°10C.01))*0.01
X{N2)=DX
SX= FLOATHCIFIXC(XINY=X(NL))/CX) ¢4

IF (SX .57, SXMAX) SX= SXMAX
CALL AXIS(0e0y3e0,12HTIME IN SECe+=1245X,040yX(N1),DX)
IF (IP LEQe 2) w0 TC w00
AMXxz=1,(E10

AMNz 1.,(ELQ

D0 15 J=1,N
AMXEAMA XL CAMX,Y(J))
AMXZAMAXL (AMX, Z(J))

AMNZ AMINL (AMN, Y (J))

AMNE AMINL (AMN, 2(J))

CONT INUE

IF (AnN) 30,20,20

AMN=Q, 0

GO TO &

AMNZFLOAT (IFIX(AMN/2,.5)=1)%2,.6
AMX=FLOAT (IFIX(AMX/2,5)+1)°%2,65
IF (DYLP) 3,443,402

oY=0YLP

G0 TC 9C

OYYz (AMYeAMN) /SY

IF (0YY=2.5) bLu,ub,45

0Y=2.5

YMINZAMN

GO TC 1L0

IF (DYY=5,0) wb,ub,e8

aY=5,¢

GO0 TC 9¢

IF (DYY-10.0) 50,50,60
7Y=1(.0

50 TC 9¢C

IF (DYY-20.0) 70.,70,80
0Y=2G.0

GO TC 9¢

3Y=30.0

YMIN=FLOAT (IFIXCAMN/DY) ' 2y

012283
912300
012320
012340
012360
012380
012400
012462¢
012640
012460
012480
0425¢C0
01252¢C
312540
012560
012580
01260¢C
012620
0126490
012660
012680
012700
01272¢
012740
012760
3127890
012800
012820
042840
012860
g12880
012900
812920
042940
012960
91298¢0
013000
013020
013340
013060
c+3080
013100
013120
vi13160
013160
g01318¢C
013240
313220
013260
01326C
013280
013300
043320
01330
01336¢C



SR RS el

13¢

132

115

120
1130

140

IF (YMIN (GV. AMN) YHMIN=YMIN-OY
IF (YMIN 5T, AMN) YMINzYMIN=TY
YMAX=SYSOY+YMIN

IF (AmMX JLE. Y™AX) 50 YO 102
YMINZYMINGDY

YMAXZYMAX QY

Y{N1):YMIN

ZINL)=YMIN

Y(N2}=QY

(N2 =0Y

CALL AXIS(062,0a0426HVEL [N FT/7SEC === ACC IN (,26,77,30,, My, Y

IF (YymIN) 105,110,113

YQ=ABS(YMIN/OY)

CALL PLOT(0.2,Y0,3)

CALL PLOT(SXx, YQ,2!

20 120 I=1,N

IF (Y(I) «GT, YMAX) Y(I)=YMAX

IF (Z(I) +GT, YMAX) Z(I)=YH4AX

IF (Y(I) olTe YMIN} Y(I)=YMIN

IF (Z20I) obLTe YHMIN) Z(I)=YMIN

CONT INUE

CALL LINE(X,Y,N,1,10,1)

CALL CLINE(Xy3ZyNy1,y28,3)

H1zHEADL L JD)

CALL SYMIOL(0e25996¢5404105,11,0.,0,2)

CALL SYMBOL(0425,3e3404105,61REL T34%43,b0)
H1=HEADL (JR}

CALL SYMBOL(0,25,341,0.105,H1,049,3)

J=1

CALL SYMBOL(0.5, 848,0,105,J,0e0,~1)

CALL SYMBOL(0+55,8e755,06105,3HVEL,0.0,3)
J= 3

CALL SYMI0L(0,5, 8455,06105,J,000,-1)

CALL SYMBOL(0e05,8450536105y IMACC,040,0)
CALL SYM30L (0+25,348,06105,MTEST,040,«)
CALL SY"aOL(J.75‘9.8v0q105;TEST10-0vS)
CALL NUMBER(1¢75,9¢8,04105,FLIAT(NP) yJeiv=1)
CALL SYM30L(2,05,948,0.406,3HPOINT FIT,3.0,2)
G3 TC 999

2L0T THE ZOMPOSITE PLOT OF PARAMETERS VERSUS SLED.
~OTEt ORDINATE AND ABSCISSA 3SCALING IS FIXED.

346

IMIN=3,C

(MIN==lq=2.2*FLOAT (IR X)

AMIN==1,43

0Z30.0

OX%0e

SX=1C.0

CALL AXTIS{0a0,yJeQytlnX DISP IN FEET y=14,Sx,Jd0 3, xNIN, X}
CALL AXIS(34YyJde0ysterZ SISP IN T75T, LU,5Y,3043yInIN,DZ:
CALL SYM30L(0425,9.5,04105,16HDATA RS0 T TLINGTesai5
A{N1)=YMIN

T (N2)=0X

Z(N1) = IMIN

e e mkana MO o

-~



)

L et —

OO0

320

12%

ZeN2) 2I2

XMAX=SX* DX +XMIN

IMAX=8Y*)2+¢Z 1IN

Yvi={C.C

00 310 J=1,6

1IF (ICAaL(Je2)) 310,310,385
H1=HEADL (J+2)

Y3=Y0=0,25

CALL SYMAOQU (= 1.75,Y0+0,05,0,105,u,040,=1)
CALL SYMA0UL(~1.,60,70,0.305,11,060,9
COMT INUE

Do 325 U=1,6

IF (ICAL(JU+2) ) 325;325,315

iI=n

50 320 I=I11.,12

1T=2TTey

XtIrr=xrir,J

T(LIV=2iT, )

IF uX(1I) +GTe YMAX) X(IT) =XMAX
IF tYIIDT) obTe XHMINY X(TI)=XMIN
IF (2(TI) o5Te ZMAX) Z(II)2ZMAX
IF 12(11) (LTe ZMIN) Z(II)=ZMIN
CONTINUE

CALlL LINE(Xy2ZyNodiy=1,0)

CONT INUE

Gn 10 1L0

SETUP aMD PLOT ANGULAR VEL ANO ACCEL,.

@9

2439

CALL SCALECY,SY N, 1)
CALL SCALE(Z,SYyN, )
YMIN=Y(NY)

IMIN=Z(N1)
CY=  Y(N2)
NZ= Z(N2)

WRITE(H,2000) YMIN,OY,2ZMIN,02Z

CALL AXIS(Ue0,040,22HANGULAR VEL -~ RAQ/SEC,

J1a4620
Qieasd
Jruko?
Ji4480
J14530
114521
214540
J1L569
G14580
714693°0
§1«62Q
014640
016660
014680
014790
18720
Q16740
J14760
014780
014810
314820
J164840
014868
014880
014900
01464920
0149460
014360
014980
015481010
015622
315040
015060
0150380
0151089
01%120

223SYs3Na s TMIN,DYIN15L 060

CALL AXTIS(SX,040426HANGUL AR ACC =~ RAQ/SEC/SEC,=264SY,90,,2ZMI%,D2)01516)

Go 10 130
CALL PLOT(SX+3,0,0.0+=3)
RETURN

1F1Ne2,* DY¥=2%,FB4.2 »5%s* IMIN=*,F10.2,*
END

167

2bdl FORMAT(//4X,®*THE ABOVE VEL AND ACCEL OATA ARE PLQTTED)

D2=*,F8.2)

015130
015200
015220
015240
01526C
315243

P S

-
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SUBROUTINE SM(X,Y,YC,NyNP) 015319

C NP MUST BE AN ODD INTEGER «GEe 3 015321
C COMPUTE THE COEFFICIENTS FOR A QUADRATIC LEAST SQUARES FIT OF *NP* 015340
C POINTS ANG COMPUTE THME FIT OF THE OATA (NO DERIVATIVES) *YC(I)e, 115360
DIMENSION CU2),X(1),Y (L) ,YC(L) 015323
=(NP=1) /2 015440

NN=N=M 1154272

N1 =NN¢q 0154 wd

DO 10 I=1,M 015460

10 YC(I)=0.0 115480

00 2¢ I=Ni,N 015509

20 YC(I)=G.0 1155290
MMzMel 315540

DO 100 I=MM,NN 01556K3)
N1sI=M 915540

N2=I +M 015630

CALL QLSQ(X,T,NL1,N2,C) 315620
YCLDI=C (LI *X(TITX(T)I+CL2) *» X(IY+C(D) 115640

c YP(I)=2.0%C i *Y¥(I)¢0(2) 015R60
c YPP(I)=2,08"7(1) 015630
119 CONTINUE 015700
RETURN 015720

END 115740




EEYESReNY]

(S W]

SUIRCUTINE DERIVLIIX, Y, YR, N,NP,TD)
NP =UST 3E AN CDO INTEGER W5E. 3.
i0=1 FOR FIRST JERIvATIVE,
I0=2 FIOR SECOND DZERIVATIVE,
SOMPUTE THE CCEFSICIENTS FOR A4 JUAGRATIT LEAST STUGARES FIT LF NP *
POINTS AND COMPUYE THE FIRST JERIVATIVE ¢Yo(I)re,
JIMENSTON CU3),x(1),Y(1),YP(1)
= (NFe1)/2
K= HMeMS ]
NN =N=«
Ni=NNe¢g
30 10 I=1,x
10 YP(I)=Q,0
CO 239 I=NI,N
20 YP(I)=0.3
MM+l
020 166 I=MM,NN
N1=L=m
N =l em
CALL MLSAUX,YyNL, N2, )
YP(I)=24d%ClL)eX(I)+C(2)
YCLTI=Ct) X (DI*X (LI +C{2)® (1) +C ()
YPO(T)=2.0%7 (1)
130 CIONTINUE
RETURN
ENO

115764
G157 30
33153032
115823
I158 40
JL588)
Ji584a¢
015300
115923
015840
015360
0159450
0iou00
016020
0160«0C
31608+0

160330
01613¢C
016123
J161«"
J16160
1161283
31623590
Jiel20
316240
316263




Ce3)

SUSROUTINE JLSI(X,YyNLyN2, D)
JIMENSION X(1),Y(d), 2t

THIS SUBROUTINE COMPUTES THE
FOR NP DATA PQINTS
THE JATA NEED NOT 3€ EQUALLY SPACED.

PR

CEAST STUARE
(NP 4UST 8E AN 00D INTEGEW

Clherrl TNty

CLL) 2 (X**2)+C(2)*x¢C (3) =2V

Ct1)*x+C(2) =Y

SUSSTITUTE xP=x=FF,

OO0 AN G

[ I RN S S

WHERE FF IS X((N1+N2)/2)
THEN C(3)1zC(3)+C(LI*FFPFF=C(2)*FF

Cl2)=C(2)=2.,3%C (1) *FF

St =CiL)

F(AL A2 ,43,81,32,83,C1,C2,C7)=41%(32%0C3=832C2) +A.%(33%01~"1%"771+

1*(31%C2-32*C1)
ENzFLJAT(N2=NL+1)
NNz (N1eN2) /2
FF=X{NN)
21=0
22=9
23=0
l=0
15 =0
16:=0
27 =1
30 26 I=N1,N2
X2=X (]) =FF
X13X2%x2
Z1=21+x2
22322+41
23=23¢X1%X2
Zez=Zlhex1*X1
15=25+Y (1)
26=26¢12%Y (1)
I7=27+x1*Y (D)
CONT INUE

DEN=F(Zb 23924203, 22901,22,21,F%)
COLY3F (27,764,253 23922+021422+1714FNI/DEN
Cl2)=F (24 423,22+27,26925422)214FN)/DEN
CU3V=F(Z4923,22123422¢2142742642517CEN
CUl21=C(3)+C(L)*FFRFF=C(2)*FF
TU2)3C(2)=2403%T (L) *FF

RETURN
END




NV IR N S I
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[ I Y
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SUSRCITINE ROTATE (N, J1,IPR) Ji716u

CCHMMUN  JO, JRy NNyNP,NC1yNC2,AXi302,6),22¢302,8), ICAL(E), 0:713¢C
1 IFR(302),%1(302,8),21¢302,8),1D0(12),iR€12),a3C(302), 017209
2ACT5¢302), CAL(8),XD(302),20¢302) J1722¢
THIS SUBROULTINE VRANSLATES, ROTATES, AND CALISRATES Twc ON~B80ARD 017240
CAMERA CATA STORED IN THE *7* AND *2°* ARRAYS., ALL DATA aRE 017200
TRANSLAYZIO TO A COCROINATE SYSTEM THROUGH THE SLcD RANGE RcFERENCE 017230
IQINT (FIRST X,2 PALR FOR EACH TIME), e17340

AXIS IS THEN RCTATED SO THE ANGLE 3ETWEEN THE SLED RANGE REFERENCE 21720
ANC THE SLED RWFERENCE (SECOND X,2 PAIR FOR EACH TIME) [S THE SAME 117360

FOk ALL TIME STATTONS (SAME AS AT (1 INE 0. 017360
FIRST PIINY IS5 RANGE REFERENCE QN IME SLcD. 317380
SELOND PUINT IS THE SLED REFERENCE POINT, 017400
PI12=5.<83185308 217422
1=t J17440
XR=« {1,411} J17464¢
IR=Z(I,1) 017480
IF {IPR) 1G410,13 017540
1y RITE(6,2580) LrAL),(X(T,,2(i,J) ,4J=1,8) 017523
SUBYRACT INITIWL RANGE VALUE FROM SLED REFERENCE AND CGE(ERMINE T~E 317540
REFERENCE ANGLE. 0175640
15 41:X(1,2)=XR 317589
23=2(1,2)~2R 31764090
XL, 2Y=X0T,2) *FALC2) 017620
Jel,2v=s2I, 2 0aL () 017640
08 20 J=J148 61760
XL, =xX{1,d) *CELEY) 017650
20 J(T, =TT ¥ *CAL ) 017730

T [S THE REFERENCE ANGLE BETWEEN ThE 1W) REFERENCE PUINTS ON TwE 017720
SLED $0Kk THE FIRST TIME STATION (RANGE AND SLED REFERINCE POINTS) ¢ dar740
ALL DATA FOR 122 TO N ARE ROTATED TO MAKE THE ANGLE BSETHEEIN THE Tw0 0177950

3Q0INTS THE SAME. 017730
315 THR=ATAN2(Z1,X1) 0178040
IF (THR +LT, 043) THR=THR+PI2 017820
CO S0 I32,N 0178460
H12X (1,1} 017860
4222 (1,41} 017832

TRANSLATE SLED REFZIRENCE OATA TO COORDINATE SYSTEM THROUGH SLED RANGED17900
EFEREN.E ANO CETERMINE THE ANGLE HSETWEEN SLED FANGE ~EZFERENCE AND 317924

THE SLEL REFERENCS POINYS (FOR I«TH TIME STATION) 317940
X1 ([yC)=Hl 0179610
213Z(1,2)=H2 017940
THI=ATANZ (21, 1) ji18000
1IF (TAT LT Jedr THI-IHI.PIZ 018029

ALL 0ATA ARE ROTATED 8Y ANGLE TH2THI-THR, 018040
THaTHI=THR 318060
CSzCOS(TH) d13Cc10
SNSINITH) 31310¢C

OTATE SLEDC REFERENCE N0 TRANSLATE 3JACK TQ T ITIAL JOORDINATE SYSTEwN183107
(3(21=X1*CS+Z1®“NsXP 21810
ID(2)==xX1®SN+ 712035+ R 013160
X(D,2)=X0(2,%0a02) 313130
24T, =2202)1%CAaL () 3182212
CO wu J=.,1,28 018220

TRANSLAT 2Y 1 AIND H2 ANN I0TATE 3¢ ANGLE *THP THEN TRANSLATE SACK J132s¢C

Ao




ro

+4

INITTAL SOUJUROINATE SYSTEM,.
A1=X.T.01=HL

1=l lyJr=n2
XC(J)=X1®%CS+ L1 *SN+ LR

ZD(J) ==X *She 1% 0S+IR

XD, Jd)=XDCN*TAL (Y

Iy D=2 cal Ly

xi[,1)2XR

Iy r=y

IF (IPR) w5,45,50

W ITE(B6,2580) IFR(ID X (100200 ,%),(X004)
CONTINUE
FORAAT(1XyIley2K, 83 FQ40,F74ds)
RE TURN

END

ID{JYyJ=2 &)

-

O
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e R O S

R I

TMIalmle (D)

LYXESNMA LR AT o)

Ayl=SMl/FLCAT ()

SMYzEY¥Zz23,0

20 103 I=1,n

CuyzSMxse (X{(] «dyx)**?2

SMITSHIe(TUI) AT *2

GMAXEINRT (GRS T AT IN=L) )

TMIZSIRTUSMI/EL AT IN=TL )

we s TELE, 20000 ave  SMy, 2y, MY

SORMLT (%) Mr AN AN STANCARD (EVIATI N A LT Ten oM
¢ REFEENGE DATA I SpfT 1%/ ek, ®MEAN AND e L. UF a2,
D OSHEAN AND LeJe P =% ,2E1942)

RETURN
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113545
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350

2 g

3 e

2300

8220

A9a ]

Qoo
o b
O o



COMPUTE AVERAGE ANDO S0

SUBROUTINE MEAN2{N1,N2,DI,0C,XC,2Z0,SMX,SMXx2,SMZ,SMZ22)
OIMENSION 0I(1),0C(1),x0(1),20(1)

FNN=FLOAT (N2=N1+1)
SMX=SMX23SMZ2=542230.0

00 100 I=Nt,N2

DIFX=D0I(I)=xD(D)

DIFZ=0C(I)=2D(D)

SMX=SMX+DIFX

SMZ=SNZ+DIFZ

SMX2=SMX2¢0IFX**2

SMZ2=SMZ2+0IFZ*%*2

SHX=SMX/FNN

SHMZ=SMZ/FNN

SMX2=SORT ((SMX2=SMX®SMXSFNN) / (FNN=1,0))
SMZ2=SQRT((SMZ2=-SMZ®*SMZ®FNN) / (FNN=1.0))
RETURN

END

OF UNSMOOTHED MiINUS SMOOTHED DATA:

218960
189820
219000
313020
3130«0
013060
0130450
319130
019129
319140
019160
31913¢
013210
313223
319240
713260
213230
1193090




APPENDIX B
PROGRAIM WBRL
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1

10

30

35

40
54

PR OGEAM WRRL(THPUT,CUTRYT , TAPES=INPUYT, TAPEO=CUT~UT,TARPLT)
LOMMON £0150,3),70150,9) ,2(150,3) ,Xx(1503,3),¥YY (15C,3),220150,3)
LL,TITUEC3),T(150), JRES(150) ,ARES(150),%4(150),YA4(150),

ZA(150) ,FMNCL12) ,FMX(12)

OIMENSICN DATA(1026) yFHNC (3,2),FMXC(3,2),1IS(9),IE(I)
CATA ENO/5HG99873/ ,NP/1L1/ ,CONZ 2. 0618/ ,FCT/ 0?7/ ,FCTC/Ge B85/, INC/L/

y TCUN/1.0E=-057,NMAX/150/
CALL PLGTS(DATA,1024,7)
CALL PLOT(Qe0y=Ga5,y=3)
CACL PLOT(060,0e7,=3)

CALL FACTQR(FCT)

CALL DATE(TQDAY)

CALL TIME(CLOCK)
NS=(NP=1) 72

READ(5,100u) TEST,TCOMP,OT
IF (EQF (S5)) 399,21
READ(5,1100) TITLE

IF (0T LTe TCON} OT=0.002
NST=0

90 25 [=1,NMAX

TCI)=FLOAT (I=1)*0T

IF (ABS(TCCMP=T(I)) LT, TCON)

ZONTINUE

IF (NST +LTe 1) WRITE(6,3300)

IERR=D

20 3G X=1,5

J2=2%K

Ji1=J02-1

IF (K EQs 5) J2=42
I=1

READ(S5,1200) TOM,(XC(I,J),Y(I,J),2C1,J0),44=2J1,J2)

GO 30 I=1,NMAX

IF (ABS(T(I)=TOM) .LT. TCON)

CONTINUE
[3K=t(J1e1) 72

IF (IERR ,EQ. N) WRITE(6,3350)

WRITE(6,3010) TEST,IOK,TDM
ISRR=1

o 70 63

IStun=l

IS(J2)=1

IF (I .EQ. 1) GO TO S0

D0 &8 J=J1,J42

XCIyJd) 2x{1,J)
Y(I,Jl=Y(1,4)
Z(I’J)=Z(1'J)

=1+

IF (I «GT, NMaAxX) GO TO 58

READ (5512000 TOMy (XCLy )y Y(I,0),2(1,4d),Jdad1,42)

IF (TOM .GTe 930.0) 50 TO 70

IF (ABS(TDM=TII)) «iLTse TCON)

IF (TIERR +EQe. 1) WRITE(6,305Q)

IZRR=IERR*1
IDK=(J1+1) /2

WRITE (6,3000) TEST,IOK,T(I),TNM

177

GC TQ 35

GC Y0 50

6033147
GddLro
05021410
300:»0
030123
ofrozoo
0092238
0002wl
Q00258
00C230
000303
038223
0003&0
0C37¢60
gagssn
Quuiesl
J30w??
dulew?
0C0&ny
320464

00es5a¢6
063527
039052
0J0skQ
00057
390¢00
390670
Jidkad
300660
150027
0C07138
pug720
3G07a0
g0Q07¢&n"
32177
JudRr(

P L
0306~
Juihi
g30841
guLJduad
040920
900943
0009k Y
gQ09rn
001024
0010°93
0UL0-2
J010k7
IcicAl
131130
101129
09110
301149
an11°0

- -



G3 TO 60 031200

55 IF (IERR +EQe 3) WRITE(6,3050) 001223
I0K=(J1+1)72 202249
WRITE (6,3060) NMAX,IJK 9012050

50 READ(5,1300) CK gc123¢e
IF (LK +EQe END) GO TO 70 001312
38 TQ 69 0613210

70 IE(S1)=1-1 901340
IE(J2)=z1~-1 0C13k0

30 CONTINUE 921330
IF (IERR) 198,100,10 001430

1J0 ~AXT=MAXO(IE(L),IE(3),IE(S),IE(7),IE(9))=NS 0ute20
o0 200 J=1,9 Julksd
N=TE(J)=IS(J) +1 301460
NL=IS(J) #NS 901430
N2=TE(J)=NS 031534
N3I=NL+NT 001520

N4 =N2=NS 0015«0

NS =N3+NS 031568
NE=NG=NS 0015490

D0 160 I=1,12 003630
FMN(I)=CON 0016219

160 FMX(I)=«CON 001640
I=IS(J) Quibbld
CALL SMIT,X(I,J)yXX{(I,J4) yNyNP) 001680
CALL SMUTY(I, ) ,YY(1,J) yNyNP) 001731
CALL SM(T,Z(I1,J),2Z(I,J)3NyNP) 901720

C COMPUTE VELOCITY COMPONENTS) 001743
CALL DERIVAIT jXX(I,Jd)s X1y 0) gNyNP,1) 901760
CALL DERIVLI(T,YY(I,J),yYtI,J) yNyNP,1) 001790
CALL JERIVI(T,ZZ(I, udlsZ (I, Jd yNyNP, L) 001802

D0 179 II=NIyN& 001820
K(I1,433=X(I1,J)/712.8 031844
YOIT, D) =Y(I1,4)/712.0 001860

170 Z(IT1,4)=Z(I1,J)742.0 001880
C CCMPUTE ACCZLERATION COMPONENTS: 101900
CALL OCERIVI(T,X(I,J)4XA{1) ,N,NP,2) 0019290
CALL OERIVLIC(T,Y(I,J4),Yall) NJNP,2) d01940
CALL DERIVLA(T,Z(I,4),2A(1) NyNP,2) 031350
LINE=6Q 001380

CO 190 I=N1,N2 102000

IF (LINE=-50) 175,172,172 802023

172 WRITE(6,2500) TODAY,CLOCK,TEST,TITLE,NP 0020490
WRITE(6,2505) J 002060
WRITE(6,2510) 002080
LINE=Q 3021070

175 FMN(LISAMINL(FMN(L) , XX(I,J)) 002120
FMN(2) =AMINL(FMNC2) , YY (I, J)) 902140
FMN(3)=AMINLIFYN(3),Z2Z(I,4)) 002160
FMX(L1)=AMAXLEFMX (1), XX{],J)) 0021580
FMX(2)=AMAXLICFMX(2),YY(I,J4}) 002230
FRX(I)=AMAXL(FAX(3),22(1,4)) 00222¢

IF (I oLTe NI (ORe I 4GV, N&) GO TO 178 00224C

T J0MPUTE RESULTANT LINEAR VELQOCITY: Gazesa
VRESU(IVY=SQRTIX(I1,J)*28247(],J)®%22+7(TI, NN**2) 002230

178




c <0

178

130

135

1187
130

230

999

1010
111310
12130
1330

FMN(S) =AMINL(FMN(5) , X(I,J))

FMN(B) =AMINL(FMN(E) 4 Y (1,4}
FMN(7)=SAMINL(FMN(T), 2(I, 1))
FMN(8)=AMINL(FMN(8),VRES(I))
FMX(5)=AMAXL(FMX{S) y XC(I,J))
FMX(6)=AMAXL(FMX(6),Y(I,J))
FMX(7)SAMAXL(FMX(?),2(I,0))
FMX(8)SAMAXL(FMX(8),VYRES(I))

IF (I +LTa N5 +0Rse I «GT, N6} GO TO 180
MPUTE RESULTANT LINEAR ACCELERATIONS
ARES(I)=SART(XA(I}*®2+YA(I)**2+ZA(]I)**2)
FMN(S) =AMINL{FNN(9), XA (1))

FMN(10) =AMINL (FMN(10),YA(I))

FMN(11) SAMINL (FMN(11),ZA(I))

FMN(12) =AMINL (FMNC(12), ARES (1))

FMX (Q)=AMAXL(FMX(9),XA(I))

FMX{10) =AMAXL (FMX(10),YA(I))

FMX(11) =AMAXL (FMX(11),ZA(I})

FMX(12)=AMAXL (FMX(12),ARES (I))

G0 TQ 185

WRITE(692600) I, TCI) yXX(IyJ) oYY 0)22(I,yd)
GO 70 187

WRITE(65,2600) I,TCI) yXXCIyJ) s YY(IyJ),2ZCT4d)yX(I4Jd)yY(I,d)
152(I,J),V¥RES(I)

GO To 187

WRITE(6,2600) I,TCI) 4XXU(I, ) YY(I9Jd),22Z(I,3)yX(Iyd),
1 Y (I,d)yZ0L,4)VRES(I) ,XACT),YACT), ZACT) , ARES(I)
LINE=LINE+1

CONT INUE

WRITE(6,2700) (FMN(I),I=1,3),(FMN(I),I=5,12)
WRITE(6,2750) (FMX(I),I=1,3), (FMX(I),I=5,12)
CALL PLT(JyNLyN2yN3,NLyN5,NE,MAXT,TEST)

IF (J olTe 7 «ORe J oGTe 8) GO TO 2090
JJ=J=6

FMNG (1,JJ)3FMN(1)

FMXC (1,JJ)=FHX (1)

FMNC (2, JJI=FHMN(2)

FMXC (2,44} BFMXL2)

FMNC (34 JJ) 2FMN(3)

FMXC (3,J0J) =FMX(3)

CONT INUE

N2=MING (IE(7),IE (8))=NS

CALL FACTOR(FCTGC)

Ni=MAXQ (IS(7),1S(8)) eNS

IF (N1 +GTe NST) NSTaNi

CALL PC(FMNGC,FMXC,NST,N2,INC,TEST)

CALL FACTOR(FCT)

GO 10 10

CALL PLOTE(NA)

WRITE(6,3200) NA

STOP “END OF JOB"

FORMAT (810,2F1040)

FOAMAT(8A10)

FORMAT(F5,0,6F603)

FORMAT(AS)

179

032300
202320
J02240
002360
10238,
vh2e00
202420
032640
Gn2464
302630
002900
ac2529
0025440
002560
902530
3026040
062829
02640
102660
902630
392730
002723
902740
032799
002739
0028319
gu282y
302840
gu28s0
0028890
362900
002920
002940
332960
002980
003020
3030290
003040
003060
003080
033130
003120
GQl140
003160
003189
0032909
003229
003240
003260
003230
003330
103320
0033w0
003250
0032R0



<510 FORMAT (1H1,®*0ATES *,A10,12X,*TINEL *,A10,12X,*TEST nuUMBCRT °, In3eyao

1 4107/ 1X,8A10,5X,12,% POINT QUAQRATIC FIT®) Jgdea?
2535 FOPYAT(/* OATA FQOR VARIABLE COCE NUMBER *,I2} 20342
2510 FORMAT(/* FRAME TIME®, SX,*OISPLACSMENT (INCHES)®,16X,*VELOCITY (Qyluh?

LFEET/SEC) *,16X,*ACCELERATION (FEET/SEC SQ) */ 0J36:G

2% NO, (SEC) X% 4 BX,*Y%, Xy P78, LX,2(5X,*X®,3X,2Y", 003510

39X, * 2% ,5X,*RISULTANT *) ) 2013522
2610 FORMAT(1X,I4,F743,3F3,3,8F10.3) 003590
2770 FORMAT(® MINIMUM *,3X,3F9.3,8F1043) Jalsse
2750 FORMAT(® MAXIMUM *,3X,3F9,3,8F13,3) 0n353g

3310 FORMAT(//® TESTt *,A10,5X,*TIME ERRCR IN 0OECK® ,I3,* === T(I}= *, (803600
1 F7.3,* ANO INCORRECT TIME = *,F7.,3//* READ THROUGH REMAINING DECK3,36293
2S IN THIS TEST AND PROCEED TO THE NEXT TEST.*) 903640
3010 FORMAT(//%* TEST3 ®,A40,2X,*TIME ERROR IN ODECK®,13,% ===FIRST TIME=J]2660
1%,F?.3/% FIRST TIME OOESN®T MATCH TIME JATA COMPUTED FIOM GIVEN JT003630

2e® / * SKIP THIS TEST.*) 033730
3050 FORMAT(1HYL) 03726
3050 FORMAT(//® INDEX OF INPUT OATA POINTS IS GREATER THAN OR EQUAL TG J31374S

1*,13,* FOR DECK®*,I3/® SOME DATA POQINTS MAY HAVE BEEN LOST.*s 3123760

2® INDEX OF THE FIRST DATA POINT = {+T/07, WHERE T IS THE TIME OF TQOQ3790

IHE FIRST DATA POINT.*) 1n38J10
3270 FORMAT(®*1 ENO OF JOB; NUMBER CF BLOCK ADORESSES= *,I3) 303820
3330 FORMAT(®ATIME OF FIRST POINT IN COMPQSITE PLOT (TCOMP) JOESNCT ~NAT J1840

1CH ANY STANDARD TIME COMPUTED FRCOM THE GIVEN DT.®%// 303860

2 * COMPOSITE PLOT WILL CONTAIN ALL AVAILABLE POINTS.*) 003840

END 0039410
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NP

SOMPUTE THE COEFFICIENTS FOR A QUADRATIC LEAST SQUARES FIT CF
POINTS AND COMPUTE THE FIT OF THE JATA

10

20

1340

SUBROUTINE SM{X,YyYC yNyNP)
MUST 3E AN ODD INTEGER +GF. 3.

DIMENSION C(3),X(1),Y(1),YC(D)
M= (NP=1)72

NN=NeM

N1 =NN+1t

00 10 I=1,M

YC{(1)=0.0

00 20 I=N1,N

YC(I)=0.4

LLELESS

00 103 I=MM,NN

Niz]-M

N2=I+M

CALL QLSU(X,T,N1,N2,0)

YC(DI=C (L) *X{D)®*X(I) +C(2)*X(1)+C(D)
YP(1)=2,0*C(L1I*xX([3+C(2)
YPP(I)=2,0%C(1)

CONTINUE

RETURN

END

(NO OERIVATIVES)

903220
003940
303960
dq3323
y0Wdlo
004020
034040
006060
00808)
004130
06120
00Wlug
004160
g0w180
00200
004220
0gw24d
J06260
Quae20
00200
J0e320
00836l
f0u3n0

VRSP
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s RS NN Rl

SUBROUTINE OERIVL (X,Y,YP,N,NP,ID)

NP MUST 3& AN QDO INTEGER «GE. 3.

10=

1 FOR FIRST QJERIVATIVE,

10=2 FOR SECOND ODERIVATIVE.

TOMPUTE THE COEFFICIENTS FOR A QUAORATIC LEAST SQUARCS FIT 0OF
POINTS AND COMPUTE THE FIRST QERIVATIVE °*YP(I)°*,

190

20

OIMENSION C(3) ,X(1),Y(1),YP(1)
M= (NP=1)/2

K=MeM* T D

NN=N=K

Ni=NN+Q

70 10 I=1,K

YP(I'=C0,0

00 20 I=Ni,N

YP(1)=0.3

MM=X+1

30 100 I=MM,NN

Niz=T=#

N2=T ¢m

CALL QLSQ(X,Y,NL,N2,C)
YP(I)=2.0%C(L)*xX(L)+C(2)
YC(I)=C(L)*X(I)*X(I)+C(2)*X(I)¢C(Y)
YPP(I)=2,0%C(1)

CONTINUE

RETURN

END

*NP T

004380
7064200
006629
904w 0
dGewnl
00w&8)
034500
3046520
00L540
204560
006580
04600
064620
00640
004660
004680
004700
006720
004740
006760
0047930
006800
004820
894840
006860
004830

e

-




GO0 0OO0OGOU0O

SUBROUTINE QLSQ(X,Y,N1,N2,C)
OIMENSION Xx(1),Y(1),C(1)

THIS SUBROUTINE COMPUTES THE QUADRATIC LEAST SQUARE COEFFICIENTS
*C(3)* FOR NP DATA POINTS (NP MUST BE AN 000 INTEGER Gt 3)e
THE OATA NETSD NOT BE EQUALLY SPACED,
C(1)*(X*22)+C(2)*X+C(I) =Y
C(1)*xeC(2) =Y
SUBSTITUTE XxPzX=fF, ®WHERE FF IS XC(NL#N2)/2)
THEN CU3)=C(3) +C(L)®FFRFF=C(2)*FF
Cl2)=2C(2)=2,0%C (1) *FF
c(1)=Cc(1)

3069019
306320
J383463
034960
J3e380
005000
005C219
13560
1050630
345090
0CS100
135120
305149

F(AL,A2,A3,B81,82,83,C1,02,C3)=A1%(82%C3~33%C2) ¢+A2%(33%C1-31°C3)+A3005160

1%(31%C2-82%C1)

FN=FLOAT(N2=N1+1)

NNZ(NL1+N2) /2

FFzX (NN)

Z1=0

22=0

23=1

Z6=0

25=0

2624

Z7 =0

10 00 20 I=NL,N2

X2=zX{I)=FF

X1=X2%*%x2

24=214+X2

222724X4

23=23+x1%X2

=74 rX1%X]

I5=25+¥ (1)

26=26+Xx2*Y (D)

IT=27+X1*Y(}

28 CONTINUE

OENTF (Z4923,22923922921922+21,FN)

cl1) =F(Z7,26, ZS,ZB,ZZ, 21 922. zl,FN)/DEN
Cl2Y=F(24423,22,27,26425422,21,FN)/OEN
Cl3)=F(21y23,22,23,22,21,27,26,25)/DEN
C(I)=CUI)+C(L)PFFPFF=C(2)*FF
C(2)=C(2)=2,8"%C(1) *FF

RETURN

END

Ju51%0
005230
1352290
0052460
005260
325230
2652343
905320
3053460
005364
005330
005400
105420
005440
005460
005489
0u5500
0055238
Ju5540
005560
005580
395600
605620
0056«Q
005660
2856A0
305711
80S720
055700
305750

o




TINE 0 T O N N2,y Ny NE o NR Max T, TICT)

THMON Y EI60 ), 1 LS 0,3 T IS0, 3, UG, 3, Y (LGuy Yy T e

1, TITLZ (BN, T L)), JRES(L5T) ,ARET (150 ), XA 1150),YR21150),
P ZYCLE0) 4 MNC L) g T X L1 2)

TTMENSTION T L5

SATA DT e/ a0/ RG0S Y LG TV /S, 0724NA7 300/

AL AT T LT OtAXT ) AT v )

TR0, 0 T. 1040 JO0R. ST 40T, 3400 WRIT- (6,2900) 51
AN L, 0t DRABAME FRRCT N LENGTH Y TIME AYIST ST=e FR
AR T en
LR 1
TOOLY IR, NP
Vigl) T (TenF!

v

ToaME vy 2daf]
YUINE D) =0
TR RN
I Y IR A L IR R
T LY. YLy TRNCSY cf e ) oy Y
L RS
: Ty i AT T TF LR MNE )Y
R N P B AL T I B RS R
Catye oy Y
T I N RSB A I 2L T RN
T w0400 FHNU3Y=FMNEI)~1,0
e AXISCRed 3BV 2OMTINE ISEL) ¢~ 3D 4STe DV yDe0,CT)
DAL AXISC04 0, da Dy tHX DISP (TN ,311,5Y,30,0,FMN(1),2Y)

LAl AXI3(~0475,0408,4117 310, (IN),11,5Y,30.0,FMNC2Y,0T)

CALL AXTISi~1,5,3s. 11H7 DISP {IN),11,SY,30,N,FPrN(3), DY)
CALL SYMBOL(~145+6.040614,6TESTt ,90,0,56)

SALL 3YMADLI(~145+60Bl, 0614, 7EST,30,0,10)

CALL SYMANL (1 a0y BeD2lally 15HVIRTAZLE COREL ,9043,151
o,
TALL NUMAER (- 1.0s841,0.16,FP4,00,3,-1!

FCAILL L (TT LXK (NLy J) GNP ey FMNCL) DY, 5Y)

AL DL LTT YN (NL V) GNP 3, FHNEDY LY, SY)

CALL P UT T, 22 ANLy ) GNP LB, FANE ) DY, ST

CALL PLOT(23.0,563 =)

LA AYISH0,0,0.3,1011 IME (SEC),~10,ST7,3.0,0.0,C7
TN AMINL (FHMU(S) , PMNIR Y ,FHMNET) y FHUNLR))

JHNSFLOAM (LETXUFPN))

7 07 eN o LTe Nal) dMN= (MN={, ]

TALL AXISIO. 0 V.0 THYF QO TTY (FT/SETI 17,857,900, v™%,.0¥)

HEY NG N T

ME N T

TS0 1T, NP
TT L) =T (I aNFY
TT(NPsy )=0.0
TYINPe2)YsNT

AT B T e i3 ) (NP w v MN LUV LY
SEL T EUNT L ) G P, A, NN, DY YD
AV T T TN, )Y GNP LA AN, Ty,
TALL S VT URE GENTY G NE Y ety )
N AR L P B PR IR |
: R T TR DO TP U+ KT (0 T Y U S SRR I NG S IFUPRE S {
. RS I 5 . LY SR N A L O B A PR A |

;

108749
3054133
Ju5421
306é-0
)u52¢6)
bR
03%413
dus328
Cd534n
20530
2453230
L6040
096029
wub0 W0
106050
106030
AC61206
1961723
Jublul
Juh1od
206130
3062020
0Cw229
G3h2uid
3dblnl
006291
306330
306320
206%ayg
3862640
306339
BTV ]
Jubull
136aed
1l66E12
106w 0
136% 017
1365l
136540
006560
Juberg
aNkbAL
316620
Jdkbel
TCERAN
JARFR AN
Jub790
006770
10R 7Ty
Jundn?
197,
"\"y‘n‘\:".
JukA N
ML

e

ta

e o




110

AMNSFLOAT(IFTX(FPN/100.0)) *1304)
IF (FPN (LT. 040) AMN=AMN=110.(

CALL AXIS(0.0+0.0,1H42CCEL

NP=NE-NS+q
NF =NG=1
00 100 I=1,NF

TTYA(I) =T (IeNF)

TY(NP*1) =40

TV I(NF#2) =010

CALL PLITT,xA(NS) JNF b JANN,4,SY)
CALL PLITT,YAUINS) yNP,9,AMN,uA,ST)
CALL PLIUTTZA(NS) yNP,8,AMN,DA,SY)
CALL PLITTLARKESING) gNP 4 2,A 1,0, 8
CALL PLOTIST+8. 0,104,

RET!HPY

N

IFI/SERISET) J 1A T 500,

g,

1256 -1
09632110
Iib. 3
0363w
Juh3en
IO
252013
PRCRALCE
10760
367090
337940
797:33
1974178
332 Lun
0371 C
1




~

SUARCUTINE PL
CIMENSION T2
CATA INTrs207
N1 =NP+q

N2 =NP+2

Y (N1 ) =Y HN
YIN2)=DY
$S=SY

IF (0Y=100.)
35=SS+1.

30 TO 3¢
SS=3S+0e5
YMXzYMN+3580Y
20 50 I=1,NP
IF (Y(I) «5T.
CONT INUE

[Ty YTy NP NSYM, TMN,CY,SY)
}eY (1)

13,20,28

YMX] Y(T)=YMX

CALL LINE(T, Yy NP, 1,INT NSYH)

WRITE(6,2000)
1 SSyNP,NSTH™

TOL) YLD s TUNPY S YUINPY 3 TINLY 3 TUN2) ,YMN, JY, SY ,THX,

72010 FORMAT(1X,11F3,3,I15,13)

RETURN
END

3Jd7213¢
0C7223
0072«0
207269
0a7280
207203
Ne7329
Ju7340
0073690
337280
ga740gs
907420
307460
AL7L60
007u33
1075C0
337529
N375uN
307560
807530
0678603
0076240
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5Q
70

30
30

118
110

120
130

143
150

SUBROUTINE PC (FMNC,FHXC,NST,N2,INC, TEST 407842

COMMON X(150,9),Y(150,9),2(150,43) ,XX(150,3),YY(150,9),22(15C, 3) 23760y
OIMENSICN FMNC(3,2),FMXC(3,42) 137829
DATA SX/5e0/7,yS2/75e0743EL/243/ 1T/ 008057 ,01/774J2/87,ISY272742Sv%/733577228
1/ 327722
FOEL =1, 0/0EL QU777 460
YMXZAMAXL (FMXC(2,1)4FMXC(2,2)) 0G77%0
YMXZF_OATCIFI Y (YMX)) 007729
IF (YMX oGE. 043) YMXzYMXe14d wd783¢
YMNzZ AMINL (FHNC (2,1),FMNC(2,2)) jarzeac
SYZ(YMX=YMN) *RTEL 207843
ISIFIX(SY) 0078610
IF (SY o3Te FLOAT(I)) SY=F{OAT(I)+1.0 3078830
IF (SY o.53Te 1243) 50 TO 2S5 207300
53 T2 70 J.47922
Sy=zi2a0 §07Sug
YMXZYUN+SYSOEL 307363
IF (FMxC(2,1) +iLEe YMX) GO TO SO JLTGAC
00 0 I=NST,N2,INC G0RODO
IF (YY(I,01) o5Te YMX) YYC(I,Ji)=YMX 0080219
CONT INUE 008040
IF (FMXC(2,2) +LEes YMX) GO YO 70 0080610
0Q K0 I=NST,N2,INC 008080
IF (YY(I,J2) +0Ts YMX) YY(I,J2)3YMX 008100
CONTINUE 008129
XMN=AMINL(FMNC (1,1),FMNCI1,2)) 308140
IMN=AMINL(FMNC (3, 1) ,FMNC(3,2)) 008160
XM X2 XMN+JEL®(SX+de5]) 008150
IMX=ZHMN+OEL®*(SZ+0.5) 308200
IF (FMXC(1,1) +LEs XMX) GO TO 90 gpos220
DO 8C I=NST,NZ,INC 038240
IF (XXA{I,40) oGTaXMX) XX(I,Jl)=xXMX 008260
CONTINUE 0682470
IF (FMXC(1,2) «LEe XMX) GO TO 110 708390
00 100 I=NST,NZ,INC 008322
IF (XX(I,J2) oGTe XMX) XX(I,J2)=XMX 2028340
CONTINUE 003364
IF (FHMXC(3,1) +LE. 2™X) GO TO 130 ans3ag
00 120 I=NST,N2,INC 30R6J0
IF (ZZ(I14Jd1) oGTe IMX) ZZ(I,J1)=2MX 003620
CONT INUE JJ3ksuD
IF (FMXC(3,2) LS. ZMX) GO 70 150 d08460
00 14d I=NST,NZ,INC 168430
IF (ZZ(1,42) «GTe IMX) Z2(I,J2)=2MX 0085430
CONTINUE 338522
CALL AXIS(Qe0,Je0,114Y JISP® (IN),~11,5Y,043,YHMN,CEL) 008543
CALL AXIS(0eQ40s0,11HZ 21+ (IN),11,57,30.0,2IMN,0EL) 008560
00 170 I=NST,N2,INC 008880
Y1=(YY(I,J1)=YN9N) *RCEL 108600
Z1=(022(1,J1)=2™N) *RDEL 1086230
CALL SYM30L(YL,ZL1,HT,ISY7,2.0,~1) w0864
Y1=(YY(I,J2)=Y“N) *ROEL J036A0
Z1=0Z(14J2)Y=2MN) *ROEL 2086430
CALL SYMBOL(Y1,21,HT,ISYB,0e3,-2) vw197290
CALL PLOT(0e09me0y=3) 03272¢
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FROGRAM RSDCINPUT»OUTFUT » TAFE? » TAFES=INFUT» TAPES=0UTFUT)
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THIS RESTRAINT SYSTEM DYNAMICS (RSD) PROGRAM DRAWS & GRAFHS WHICH
SHOW THE MOTION OF THE HEADs SHOULLER» ELBOWs WRIST, HIFs KNEEs AND
ANKLE AT & TIME POINTS DURING THE TEST,.

THE INPUT YARIABLES READ BY SUBROUTINE INFT ARE DEFINED IN THE
WRITE-UF DESCRIEBING THE INPUT DATA FORMAT.

THE COMMENTS IN THIS SOURCE LISTING SHOULD ADEQUATELY DOCUMENT THIS
SMALL FROGRAM.

THE FOLLOWING S5 SUBROUTINES ARE PART OF THIS PROGRAM:

FRAME -- DRAWS THE PLOT FRAME AND THE SEAT IN THE FRAME;:
RODY -- DRAWS BODY ELEMENTS;
TANG -— COMPUTES AND [RAWS TANGENT LINES BRETWEEN BODY ELEMENTS;

INPT -- READS ALL DATA EXCEPT THE TITLE CARDs, COMPUTES CALIERATION
FACTORS» AND CONVERTS DATA FROM COUNTS TO INCHES.

INTRPL~ INTERPOLATES SHOULDER HARNESS POINTS RETWEEN THE FIRST AND
FIFTH BELT FIDICUAL.

DIMENSION DATACL1024) sPX(S)sPY(S)+TITLE (&)
COMMON X(18)»Y(18)sR(7)9sANG»SX2sSY2,»ITM
FX AND PY CONTAIN THE SIX PLOT ORIGINS IN SEQUENCE:
BATA PX/0.093.2593.259-6.5+3.25+3.25/+PY/4.50.+0.9-3.+0.+0./
CALL PLOTS(DATA»1024,7)
FLOT DATA USING A 92 X SCALE FACTOR:
FCTR=0.92
CALL FACTOR(FCTR)
IP IS THE TIME OR PLOT INDEX3 IP IS INCREMENTED FROM 1 TO & FOR THE
TIME SAMPLES:
10 IP=0
READ ANDI FPRINT THE PLOT TITLE:
READ(S,»1200) TITLE
IF (EOF(S)) 997+20
20 WRITE(422200) TITLE
WRITE(4652300)
SURROUTINE INPT READS THE REMAINING SETUP DATA FLUS THE O TIME DATA
AND CONVERTS THE DATA FROM COUNTS TO INCHES:
CALL. INPT(IP)
CONVERT RADII O PLOT SCALE INCHES;
THE FILLOT SCALE IS 1/2 INCH = 1 FOOT (BEFORE APFLICATION OF SCALE
FACTOR ‘FCTR’ ABQVE):
GO 30 I=1,7
30 R(I)=R(I)/24.,
WRITE(692000) (R(I)sI=1,7)+ANG
IP=[P+1
1I=18
GO T4 5SS
S50 IP=IP+1
CALIE TS AN ENTRY POINT IN SUBROUTINE INPT: DATA ARE READ AND
CALIBRATED FOR THE IP-TH FRANME:
CALL CALIB(IP)
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000100
XX000120
000140
000160
000180
000200
000220
000240
000260
000280
000300
000320
000340
000360
000380
000400
000420
000440
000460
000480
000500
000520
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000560
000580
0004600
000620
000640
000660
000680
000700
6000720
000740
000740
2y0780
200800
000820
000840
Q00840
000880
000900
000920
000940
Q000960
000980
001000
001020
001040
0010460
001080
001100
001120
001140
001160
001180



II=1é 001290

C CONVERT ALL X ANDL Z-AXIS DATA TO PLOT SCALE INCHES AND ADJUST TO 001220
C LOWER LEFT PLOT QRIGIN (X AND Z ARE PRESENTLY REFERENCED TO THE 001240
C INTERSECTION OF THE SEAT BACK AND SEAT PAN): 001260
S5 [0 40 I=1,11 001280
X{I)=X(I)/24,042.0 001300

60 Y(I)=Y(I)/24,040.5 001320

C PRINT X AND Y DATA IN PLOT SCALE INCHES: 001340
WRITE(692100) (X(I),Y(I)sI=1,11) 001360

C SET ORIGIN FOR PLOT ‘IF‘: 001380
CALL PLOT(PX(IP) PY(IF),-3) 001400

C 1I0 AND 1A CONTROL ORDINATE AND ABSCISSA ANNOTATION (0-- ANNOTATION 001420
C 1S OMITTED; 1-- ANNOTATION IS DRAWN): 001440
10=0 001460

IF (IP .EQ. 1 .OR. IP .EQ. 4) 10=1 001480

1a=0 001500

IF (IP .GE. 4) IA=} 001520

C DRAW PLOT AND CHAIR OUTLINE: 001540
CALL FRAME(10,IA) 001560

C DRAW FIGURE IN THE CHAIR: 001580
caLL BODY 001600

IF (IP .LT. &) GO TO S0 001620

C PRINT PLOT TITLE BELOW THE SET OF SIX PLOTS: 001620
CALL SYMBOL(-%,95s-1,050,14sTITLE;0.0,60) 001660

CALL PLOT(5.0,0.0,-3) 001480

G0 TO 10 061700

999 CALL PLOTE 001720
STOP *END OF JOB* 001740

1200 FORMAT(4A10) 001760
2000 FORMAT(% RADII IN PLOT SCALE INCHES PLUS THE NOSE-TRAGEON ANGLE 1001780
1IN RADIANS ARE:X/(11X+8F10.3)) 001800

2100 FORMAT(X CALIBRATED DATA POINTS IN PLOT SCALE INCHES ARE:x/ 001820
1 (11X,8F10.3)) 001840

2200 FORMAT(X1 TEST TITLE: X,6A10) 001840
2300 FORMAT(//x CALIBRATION DATAs RADII, AND CALIBRATED DATA ARE FRINTEN01880
1D IN THE FOLLOWING SEQUENCE FOR INDEX I=1 TO 16:%/ 3N 1200

2 SX»xMIPy» KNEE, ANKLEs SHOULDERs */SX+XELEOWs WRIST» TRAGEON. NOSEN01920

I, X/SX»XLAP HARNESS BUCKLE» AND 7 SHOULDER HARNESS POINTS.x// no19a0n

4% CHECK WRITE-UP OF INPUT CARD FORMATS FUR VARTABLE DEFINITIONS.X1001940

END 201980
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SUBROUTINE FRAME(10sIA)

002000
002020

THIS SUBROUTINE DRAWS THE PLOT FRAME PLUS THE CHAIR WITHIN THE FRAME . 002040

THE PLOT SCALE IS 1/2 INCH = 1 FOOT.

COMMON X(18)sY(18)sR(7)+ANG»SX2+SY2, ITM
DIMENSION 1ABSC(7),I0RD(S)
DATA IABSC/2H-4,2H-3:2H=252H~152H 0s2H 1,2H 2/,10RD/1HO» 1H1,1H2,
11H3»1H4/ yHGHT/0.07/+SX/3.0/+8Y/2.5/
DEFINE IMAGE FRAME:
CAaLL PLAOT(0.0+0,0,3)
CALL PLOT(SXs0.0¢2)
CALL PLOT(SXsSY»2)
CALL PLOT(O0.»SY»2)
CALL PLOT(0,»0.»2)
DRAW DASHED LINE AT DECK HEIGHT--2.94° ABOVE ABSCISSA:
Y1=22,94/24,
XD=0,0946774
X1==XD
DO 20 I=1,16
X1=X1+XD
CALL PLOT(X1,Y1,3)
X1=2X1+XD
20 CALL PLOT(X1sY1,2)
DRAW X-AXIS TIC MARKS:
X120,
Y1=0.,07
DO 40 I=1,95
X1=X140,5
CALL PLOT(X1+0.0+3)
40 CALL PLOT(X1:,Y1,2)
DRAW Y-AXIS TIC MARKS!:
X1=0.07
Y1=0,
DO 60 I=1r4
Y1=Y140.5
CALL PLOT(0,0:Y1:3)
40 CALL PLOT(X1sY1,2)
FOR [A-0y» DRAW ABSCISSA ANNOTATION:
IF (IA) 85,85+70
70 K1a-1 SKHGHT
Yi=-,12
DO 80 I=1,7
CALL SYMBOL(X1,Y1,HGHT»IABSC(I)+0.0,2)
80 X1=X140.5
FOR 10:0s DRAW ORDINATE ANNOTATION:G
8% IF (I0) 120,120,90
90 X1=-1,58HGHT
Y19~0.SOMNBHT
DO 100 I=t,9
Y1=Y140,5
100 CALL SYMROL(X1,Y1+HGHT,»IORD(I)+0,0,1)
FRINT ELAPSED TIME IN UPPER LEFT CORNER:
120 £ALL SYMBOL (0.252.25+HGHT ITM» 0.0+ 3
CALL. SYMBOL (0,482,225 sHGHT » AMMSEC+0.00v4)
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002060
002080
002100
002120
002140
002160
002180
002200
00222
002240
002260
002280
002300
002320
002340
002360
002380
00240G
002420
002440
0024460
002480
002500
002520
002540
0023560
002580
002600
002620
002640
002660
002680
002700
002720
002740
002740
002780
002800
002820
002840
002860
002880
002900
0602920
002940
002960
002980
003000
003020
003040
003060
03080

IO S O
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JRAW ST AT CONFIGURATIONS
SX2,SY2 ARE THE COOROINATES OF THE UPPER LEFT CORNER OF THE CHAIR
SEAT PAN: THE SLOPE OF THE SEAT PAN IS 7,25 DEGREES AND THE SLOPE
OF THE SEAT BACK IS 12,67 DEGREES.
SX2%1,261
SY22C.59
CALL PLOT(1.261,045,3)
CALL PLOT(SX2,SY2,2)
CALL PLOT(248,065,2)
CALL PLOT(2:38,2.19,2)
ORAW SEAT BACK HEAD REST:
CALL PLOT(2426251¢637,3)
CALL PLOT(2+22351.64L6,2)
CALL PLOT(2,31442.052,2)
CALL PLOT(24356524063,2)
RETURN
END
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003100
033120
033140
093160
003130
003290
003220
003240
003260
003280
003230
303320
003340
003360
003340
043600
003620
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SUSRCUTINE B300Y 003640

UG3W60

THIS SUBROUTINE DRAWS THE BODY ELEMENTS PLUS THE SHOULDER HARNESS ANOQGG3430
LAP 3EZLT POINTS IN ZACH FRAME, 0°35233
go3s52n

OIMENSION U(9),V(9) 003540
COMMON X1,X2yX39XlyX5,X69 X7y K693X(8) 9 XS, XLy Y1 ,Y2,Y2,Yu,Y5,Y6,Y7,303560
1Y3,3Y(5),¥S8,YL3,RL,R2,RI,RWyRS,R69R7yANG,SX2,SY2,ITH wu3530
DATA AL1/043/4A2/36C, 0/ yHGHT/ GaC77y I8CO76/ 3036417
JRAW MIP AND KNEE CIRCLESS 003622
CALL CIRCLI(X1+#1,Y1,A1,A2,R1,R1,4A4; Qu3bsl
CALL CIRCLE(X2#R2,Y2,A1,A2,k2,R2,AL) 303660
IPLT=L FOR 4IP=TO=KNEE TANGENT LINES AND IPLT>1 FOR ALL OTHER 043683
SALLS TO SU3ROUTINE *TANG ‘3 02723
IPLT=2 303723
COMPUTE HIP=TO~KNEE TANGENT LINESS 303740
CALL TANG(X1,Y1,X2,Y2,RL,R2, IPLT,S5X2,5Y2) 303768

7S IPLT=2 0337%0
ORAN ANKLE CIRCLE?S 993830
CALL CIRCLE(X3+R3,YZ,a1,A2,R3,R3,A1) £o3820
JRAW ANKLE~TO=KNEZ TANGENT LINES# n03840
CALL TANG(X2,Y¥2,X3,Y3,R2,R3,IPLT,SX2,5Y2) JJ3860
ORAW SAOULDER, EL30W AND WRIST CIRCLES ANO TANGENTS: 003880
CALL CIRCLE(XW®RI, Y4y AL,A2,R0,RiyAL) 333910
CALL CIRCLE(XS+R5,Y5,A1,A2,R5,R5,41) 003920
CALL CIRCLE(X6+R69Y69A1,A2,R6,R6,AL) 003940
IPLT=3 003960
CALL TANG(XlyTlyX5,75,R04R5¢ IPLT,5X2,572) 9u3980
IPLT =6 804l 00
CALL TANG(XS,Y5,X6,764RS,R6,IPLT,S$X2,572) 004020
CRAW HEAD CIRCLE?S 104040
CALL CIRCLE(XT®R7 Y7 ,A1,A2,R7,R7yAL) Qua06d
PLOT EYE POINTH 034u80
CALL SYMBUL(X8,Y8,HGHT/2,04350e0y=1) V0100
SOMPUTE AND ORAW HEAD 2=-AX1IS LINES 906129
THETA == ANGLE TRAGEON=NOCSE LINE MAKES IN X,Y AXIS THROUGH TRAGEON  JQui40
POINT, 004163
THETA=ZATAN2(Y8=VY7,X8=X7) gre130

IF (THETA oLTe 0e0) THETA=THETA+6,2831853 116210
ANG == ANGLE BETWEEN TRAGEON=NOSE LINE AND HEAD Z=AXIS. 00w220
ANG IS COMPUTEU IN RAQIANDO IN SUBROUTINE INPT: 00240
THETA2THETA=ANG 004250
XPaRT*COS(THETA) Jdw230
YP2R74SIN(THETA) 0ue310
XLi=X7+XP 0Cu320
XL2=z X7=XP JLu3ag
YLizY7+YP 006360
YL22YP=YP 0030
PLOT Z=AXIS LINE ODETERMINZD 8Y POINTS XL1,YL1 ANO XL2,YL2! 0Gueld
CALL PLOTI(XLL,YL1s3) 0340620
CALL PLOT(XL2,YL2,2) 0504a0
WRITE(6,2100) XL1,YLi,XL2,YL2 QULAL6D
PLOT RESTRAINT B8ELT LOWER ATTACH FOINT (XLB,YLB) PLUS THE LAP BUCKLE 0J6&L3n
BOINT (BX(1),8Y(1))¢ 204530
CALL SYM3OL(XLByYLB,HGHT,I8C0,Cedy=1) 106520
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CALL PLOT(3X(1),B8Y(1),2) 3265460
INTERPOLATE 9 POINTS SETWEEN 1-ST AND 5«TH BELT POINTS; INTERPOLATE (0560
X OATA FOR A GIVEN Y3 ydu580

DY=(BY(S)=BY(1)) /10, 304630

00 109 I=1,9 006620

1J0 U(I)=8Y(1)+0Y*FLOAT(I) 030640

Ii=6 004660

1229 dC868C

CALL INTRPL(I1,BY(1),BX(1),I2,U,V) gou730

WRITE (6520000 B3X(1),BY(1),(V(I) U(I),I21,9),(BX(I),a3Y(I),1=5,3) 106720
PLOT THE 9 INTERPOLATED POINTSI 006700

00 120 I=1,9 30675

120 CALL PLOTIVIII ,U(T),2) 006780
PLOT THE LAST & SHOULDER HAFNESS FOINTS: 0048390
00 136 I=5,8 acuLs820

133 CALL PLOT(8X(I),3Y(I)y2) 034800
PLOT THE SHOULDER HARNESS SEAT ATTACH POINT: JCew860
CALL SYMBOL (XS3,YSB,HGHT,I13C0,0e0,=2) N0L887
RETURN 0104900

2030 FORMAT(® LAP BELT AND SHOULOER HARNESS X,Y POINTS ARE (BUCKLE POINDu&32)
1T, 9 INTERPOLATED POINTS, PLUS THE LAST & SHOULOER HARNESS PQINTS) 00690

21%7 (11X,8F10.3)) 004360
21197 FORMAT(® X,Y POINTS AT BOTH ENOS OF THE HEAD Z=-AXIS LINE AREs*/ 004940
1 11X,4F10.3) 805000
ENO 0y5020
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SUBROUTINE TANG(X1,Y1,%X2,Y2,R14R2,IPLT,S5X2,5Y2)
DIMENSION LABEL(2,W)
DATA 090/1.57079633/
1sLAGEL/10H HIP AND,8H KNEE »10H KNEE ANO,8H ANKLE
2 LIHSHOULDER A,8HNO ELBOW,1CH ELBOW AND,8H WRIST /
THIS SUBROUTINE COMPUTES AND ORAWS THE TANGENT LINES CONNECTING
THE TWO CIRGLESe THE CIRCLE CENVERS ARE AT X1,¥Y1 ANO X2,Y2 AND THE
RADII ARE R1 AND R2, THE CIRCLES WITH TANGENT LINES FORM THE 800Y
SEGMENT S,
WHEN THIS ROUTINE WAS CODED, Ri WAS ALWAYS > R2 AND Xi,Y1 WAS
ALWAYS FURTHER FROM THE PLOT ORIGIN THAN X2,Y2; THUS WE WERE ALWAYS
WORKING FROM THE SHMALL CIRCLE TO THE LARGE CIRCLE. HOWEVER, THE
ALGORITHMS WERE OEREVED SUCH THAT THE COMPUTATIONS SHOULD BE CORRECT
ZVEN IF THESE CONDITIONS ARE NOT FULLFILLED.
XD=X1=X2
Y0=Yieyv2
SLOPE == SLQPE OF LINE THROUGH THE TWO CIRCLE CENTER POINTSE
SLOPE=YD/ X0
THETA=ATAN(ABS (SLOPE))
FCT’SIGN(‘.Q’SLOPE)
JIST == OISTANCE BETNEEN THE TWO CIRCLE CENTER POINTSS
0ISTaSART (X0* XO+YD4YD)
PHIZASINC((R1=R2) /0IST)
ANGLES THMETA AND PMI ARE REQUIRED TO COMPUTE ANGLES A1 AND A2 WHICH
ARE THEN USED TO OEFINE THE X AND Y COORDINATES OF THE TANGENT
POINTS:
A120090=THETA~FCT®*PHI
A2=090=-THETA+FCT*PNI
SU=SINtAL)
SL=SINtA2)
CU==FCT*COS(AL)
CL=FCT®COS(A2)
SOMPUTE X AND Y UPPER AND LOWER TANGENYT POINTS FOR CIRCLE 1t
XUi=Xx1+R1°CU
YUisYLi+R1*SV
XLisX1i+R1*CL
YLi3Yi=R1*SL
COMPUTE X ANO Y UPPER AND LOWER TANGENT PQINTS FOR CIRCLE 2%
XU2=X2+#R2%CU
YU23Y2+R2*SU
XL 2=2X2+R2%CL
YL2=Y2=R2°*SL
SLOT UPPER TANGENT LINES
CALL PLOT(XUL,YUL,D)
CALL PLATIXU2,YU2,2)

335040
365050
045r6n
335050
J054)0
205120
0LS14s
005150
205130
005200
ngs5220
085240
005260
105280
005330
005320
n95340
005360
005380
905430
005420
005640
205460
005480
008500
305520
805540
365560
005530
085600
005620
005640
805660
105680
805730
845720
005740
005758
005736
305830
305820
005840
805860
005880
805900

WRITE(6,2100) LABEL(1,IPLT),LABEL(2,IPLT) ,XUL,YUL,XL1,¥YLL,XU2,YU2,005920

1 XL2,YL2
PLOT LOMER TANGENT LINES
30 CALL PLOT(XL1i,YLL,3)

IF (IPLT=31) 100,100,860

50 CALL PLCT(XL2,YL2,2)

RETURN
JOTTOM HIP=TO-KNEE TANGENT LINE MAY INTERFERE WITH YHE UPPER LEFT
CORNER OF THE SEAT PAN (SX2,SY2) 3 CHECK ANO ORAN LINE ACCORDINGLY,
IF 1T UO0ES INTERFZIRE, COMPUTE THE TANGENT FROM THE CORNER OF THE
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205940
395950
095980
006000
006020
006040
0u6060
006080
IC6143
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SEAT PAN TO THE KNEE CIRCLE.
COMPUTE SLOPE OF TANGENT LINE!
130 SLOPE=(YL1~YL2)/ (XL1=XL2)
COMPUTE Y (YC) COOROINATE FOR SEAT PAN S$X2 POINTS IF YC > SY2, THEN
THE SEAT PAN DOESN'T INTERFERE WITH THE HIP=TOeXKNEE TANGENT LINE!
YC=SLOPE*(SX2=XL2) +YL2
IF (YC «GEs SY2) GO TO 60
COMPUTE TANGENT FROM SX2,SY2 ==> KNEE CIRCLE (R2)
KNEE CIRCLE CENTER MUST BE TO THE LEFT OF Sx2,SY2t
IF (X2 «GEs SX2) GO TO 150
JIST == DISTANCE FROM CORNER OF THE SEAT PAN TO THE CENTER OF THE
KNEE CIRCLE?
DIST=SQRT((SX2=X2) ** 2+ (SY2=Y2)*%2)
IF (OIST «6Te R2) GO TO 120
O4IT TANGENT LINE FOR JIST < R2~===SEAT PAN POINT IS WITHIN THE
RADIUS OF THE KNEF CIRCLE?
HRITE(6,2300) DIST,R2
G0 TO 153
ALP IS THE SLOPE OF THE LINE FROM THE CENTER OF THE KNEE CIRCLE TO
THE SEAT PAN POINT:
120 ALP=ATAN((SY2=Y2) /7 (SX2=X2))
COHMPUTE GAMMA USING THE TWO KNOWN SIDES OF THE TRIANGLE!S
GAM=ACOS(R2/01IST)
COMPUTE *PHI® === ANGLE IN NEW TRIANGLE REQUIRED YO COMPUTE TANGENT
POINT XL2,YL2 BELOWS
PHI=GAM=ALP
COMPUTE X AND Y COOROINATES OF TANGENT POINT ON THE XNEE CIRCLE!
XL22X2+4R2*COS (PHI)
YL23Y2=R2*SIN(PHI])

ORAW THE TANGENT LINES FROM THE HIP CIRCLE TO THE CORNER OF THE SEAT

PAN TQ THE KNEE CIRCLE:
CALL PLOT(SX2,5Y2,2)
WRITE(B,20u0) SLOPE, YC,SY2,0IST,ALP ,GAM,XL2,YL2
GO 70O 63

150 CALL PLOT(SX2,SY2,2)

2100 FORMAT(* UPPER AND LOWER TANGENT PQINTS FOR THE *,A10,48,°* CIRCLE

1ARE 1%/ (11X,8F10.3))

1R OF THE KNEE CIRCLE =%,FB843,® THE KNEE RAQIUS =*,F8.3)

2410 FORMAT(* SLOPE, YC, SY2, OIST, ALP, GAM, XL2, YLZ2 FROM THE CORNER

1 OF THE SEAT PAN TO KNEE CIRCLE TANGENT POINT COMPUTATIONS!S/
2 11X,8F10.,3)

RETURN

ENO
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206120
006140
Ji6160
016130
306290
006220
206240
036260
006280
006330
006320
006340
306360
006380
006402
Bu6429
036440
306400
006440
006500
906520
066540
0346560
0965384
406600
006620
006640
0066640
onees0
3067130
906720
006740
3106760
308730
006803
n06320
06840

2370 FORMAT(® THE OISTANCE FROM THE CORNER OF THE SEAT PAN TO THE CENTEJU6860

nese8so
006908
006920
00634LQ
0C6960
0069890
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SU3ROUTINE INPT(IP)

DIMENSION BAF(10) 4X1(7),Y1(7) 4X2(7) ,Y2(T7),CAL(16)

COMMON X(16)yXSByALB,Y (16) y¥S8,¥L3+R(7),ANGySX2,4SY2,ITH
THIS SUBROUTINE READS ALL INPUT DATA EXCEPT THE *TITLE' CARO,
COMPUTES ALL CONVERSION FACTORS (COUNTS TO INCHES), ANO
CALIBRATES ALL DATA.

THE DATA POINT SEQUENCE ISt

INDEX PARAMETER

1 HIP

2 KNEE

3 ANKLE

[ SHOULDER

H ELBOMW

6 WRIST

? TRAGEON

3 NOSE

3 HARNESS BUCKLE
1i=~16 SHOULOER HARNESS

DATA RAC/S7.2957795/
READ AND WRITE ALL TEST PARAMETER INPUT DATAS
ALL PARAMETER SYM30LS SHOULD 3E DEFINED IN THE WRITE=YP DESCRIBING
THE FORMAT OF THE INPUT OATaA:
READ(5,1000) OPS,0SC+UPF,DSFyXSByYSBsXLS,y YLB,yXASSF,YASSF
WRITE(6,3010) 0PS,0SC,0PF,0SF,XSB,YSB,XLS,YLB,XASSF,YASSF
REAQ(5,1000) BAF
WRITE(6,3020) 3AF
READ(5,105G0) XPF,YPF,XPA,YPA,XSF,YSF,XSA,YSA
WRITE(6,3030) XPF, YPF ,XPA,YPA, XSF,¥SFyXSA,YSA
READ(S,2203) (XL(I),YL(X)4X2(1},Y2(1},1=2,0)
WRITE(6,30640) (X2(I),YL(I)yX2(1)Y2(1),I=2,6)
READ(S,11000) TX,TY,EX,EY
WRITE(6,3050) TX,TY,EX,EY
SOMPUTE PANEL AND SEAT CONVERSION FACTORS:
PCAL=SQRT ((XPFaXPA)*82+{YPF=-YPA)®*2) /0PF
SCAL=SQRT((XSF=XSA)*%2+(YSF-YSA)*22)/0SF
COMPUTE OJISTANCE FROM THE FOCAL POINT TO THE SEAT (SS) !
SS=(0OPS*0SF)/ (DPF=(SCAL/PCAL) *CPF)
WRITE(6,30608) PCAL,SCAL,SS
COMPUTE THE ANGLE THE TRAGEON = NOSE LINE MAKES WITH THE Z=-AXIS
THROUGH THE HEAD?
OX3TX=EX
OY=TY=EY
ANGEATAN(ABS(OX/0Y))
COMPUTE REMAINING CONVERSION FACTORS?
00 100 I=1,10
1J0 CAL(I)=SS®SCAL/(SS+0SC=8AF(I)/2.0)
00 tiu I=13,16
119 CAL(I)=CAL(10)
DCAL=CAL (13)=CAL (3}
SOMPUTE RAOIT OF ALL 800Y ELEMENTS EXCEPT THE HEAD AND TH4I HIP:
00 150 I=22,46
150 R(II=SART ((X2(I)=X4 (1)) *®2+(Y2(I)=Y1(L))**2)/(2.G*CAL(I))
ENTRY CALISB
EAD PHOTQ JATA FOP EACH TIME SETS
READ(5,1200) ITM
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0070929
8007029
007040
007060
007040
067100
9071290
2071490
007160
007190
007240
da7z22¢
007240
007260
007233
907300
8373290
0072460
407360
30733¢C
007443
007629
007440
007460
307680
9075404
007520
007540
307560
937530
007601
007620
307640
007660
007680
007730
807720
207740
937760
907730
907800
gaze2o
007840
Q07860
0a78agQ
Q079400
007920
087940
087960
porsaa
308000
agae2e0
008040
008060
0u80se




WRITE(6,2100) ITH 008190

READ(S,1130) XSFF, YSFF,XSAF, YSAF, (X(1),Y(1),I=1,16) 308129

WRITE (6,3100) XSFF, YSFF,XSAF, YSAF, (X(I),Y(I),1=1,16) 758240

C ZOMPUTE CALIB FACTORS FOR 3 SHCULDER STRAP POINTS WITHOUT FIOUCIALS! 0038160

YUz Y (9) 008130

YFCT=0CAL/ (Y (13) ~YBU) 088210

CAL(10)=CAL (D) »YFCT® (Y (1D) =YBW) 008220

CAL(11)=CAL(3) +YFCT* (Y (11) =YBY) 008240

CAL(12)=CAL(9) +YFCT* (Y (12) =¥YBU) Q08260

WRITE(6,2200) CAL 008230

C CALISRATE ALL DATA FOR I-TH FRAME? 008300

XSAF=XSAF/SCAL 008329

YSAF=YSAF/SCAL 068340

XFzXASSF=XSAF 008363

YF =YASSF=YSAF 005380

00 200 I=1,16 908430

X(I) =X(I)/CAL(]) ¢XF 008420

230 Y(I)=Y(I)/CAL (I)+YF Q08uuD

IF (IP +GTe 0) RETURN 008460

C COMPUTE RAUII OF HIP AND HEAD (FOR @ FRAME ONLY) 3 q0843aq

XHR=0,23076923*Y(7)=1, 3190769 008500

R(7) =(XHR=X(7))*C0S(12.6667/RAD) 008520

YSPa=(, 12634*X(1) 008540

R(1) =(Y(L1)=YSP)*COS(7, 25/RAD) 008560

RETURN 003530

1030 FORMAT(S5X,10F7.C) 908630

1110 FORMAT(S5X,8F740) 008620
1200 FORMAT (5X,A3) 038640 L |
2130 FORMAT(®1ITH=+,aA3,® WSEC; INPUT DATA FOR THIS TIME FRAME AREt*/) 008660 3

2290 FORMAT(®* CALIBSRATION OATA FOR THIS TIME FRAME ARE*/ 208680

1 (11X,8F10.3)) 068700

3010 FORMAT(®00PS ETC.=*,10F10.3) 008720

3020 FORMAT(® BAF ETCes*,10F10.3) 038740

3030 FORMAT(®* XPF ETC.=*,10F10.3) 008762

3040 FORMAT(* X1  ETC.=*,8F10.3/ (11X,8F10.3)) 008730

3050 FORMAT(® TX  ETC,3*,4F10e 3} 008800

3060 FORMAT(® PCAL ETC.3*,3F10.3) gasa2y

3130 FORMAT(*IXSFF ETCe3%,8F10¢37(11X,8F10.3)) 908840

END 008860
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Ei
SUBRCUTINE INTRPL (L, Xy YyNyUy V) 2088130
Z INTERPOLATION OF A SINGLE=VALUED FUNCTION 008990
C TAKEN 0 CIMMUNICATIONS OF ACM, OCTOBER 1972, VOL 15, NUMBER 12, 308320
C  ALGORITHM NUMBER 433, 008940
T IEPRINT PRIVILEGE GRANTED BY PERMISSION OF THE ASSOCIATION FOR 908960
2 ZOMPUTING MACHINERY, 208920
‘ C 103040
i 2 TAIS SUBROUTINE INTERPOLATES, FROM VALUES OF THE FUNCTION 609520
i C GIVEN AS ORDINATES OF INPUT OATA POINTS IN AN X=Y PLANE 3393040
! Z AND FOR & GIVEN SET OF X VALUES (ABSCISSAS), THE VALUES OF 009060
j C A SINGLE~VALUED FUNCTION Y=Y (X), 309830
; c 009109
o 009120
C THE INPUT PARAMETERS ARE 009140
c 009160
c L = NUMBER OF INPUT DATA POINTS(MUST BE 2 OR GREATER) 009180
c X = ARRAY OF OIMENSION L STORING THE X VALUES(ABSCISSAS) OF INPUT 009200
c CATA POINTS (IN ASCENDING OROER) 009220
| : Y = ARRPAY OF OIMENSION L STORING THE Y VALUES (OROINATES) OF INPUT 003240
c 0ATA PQINTS 009268
c N = NUMBER OF POINTS AT WHICH INTERPQLATION OF THE Y VALUE 009230
c (OROINATE) IS OESIRED (MUST BE 1 OR GREATER) 9u9308
¢ U = ARRAY OF OJIMENSION N STORING THE X VALUES (ABSCISSAS) OF 009320
¢ DESIRED POINTS 069340
¢ 009350
C THE OUTPUT PARAMETER IS 009380
c 0994438
¢ V = ARRAY OF OIMENSION N WHERE THE INTERPOLATED Y VALUES 009420
c (ORCINATES) ARE TO BE DOISPLAYED 0094640
o 009660
C OECLARATION STATEMENTS 009480
c 00385010
DIMENSION XIL),Y(L),UIN),VIN) 009520
EQUIVALENCE (P3,Xx3),(Q0,Y3),(Q1,T]) 009540
REAL M1,M2,M34Mb,MS 209560
EQUIVALENGCE (UK,0X)y CIMNyX2yAL,M1), (IMX,X5,A5,M5), 009580
1 (JySWySAY , (Y2,N2, Wk sQ2) 4 (Y5,KZ,QA3) 009630
c 009620
C PRELIMINARY PROCESSING 009643
c 069660
12 L0=L 009680
LM1=L0-1 2@970°2
LM2=LMi=t 009720
LP1=L0+1 009740
N =N 009760
IF(LMZ «LTe G) GO TO 930 009730
IF (NO JLE. 0) GO TO 91 009800
00 11 I=2,L0 009820
IF (X(I=1)=X(I)) 11,95,96 009840
11 CONTINUE 333863
1PV=0 009880
c 909900
C “AIN J0=LOOP 009920
z 009940
CO 80 X=1,NO 309960
200
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UK =y (K) 009949

c 310000

C ROUTINE TO LOCATE THE DESIRED POINT 01002¢

o 01y0by

20 IF(LM2 .EQ., 0) GO TO 27 010061

IF (UK «GEe X(LO}) GO TO 26 010083

IF (UK oLTe X(1)) GO TO 25 010162

InMN=2 010120

INX=L0 010148

21 I=(IMN+IMX) /2 018160

IF (UK «GEs X(I)) GO TO 23 0161890

22 Imx=] 010230

GO TO 24 0102290

23 IMN=I+1 310240

24 IF (IMX ,GTe IMN) GO TO 2% J10260

I=1IMX 410280

G0 TO 3¢ 310390

25 I=1 013329

GO TO 30 010340

26 I=LPt 010360

GO TO 30 310380

27 I=2 310400

c 01046290

C CHECK IF I=IPvV 010460

c 010460

30 IF (I +EQ. IPV) GO YO 70 310680

IPvsl 010500

c 010520

C RJUTINES YO PICK UP NECESSARY X AND Y VALUES AND 310560

c TO ESTIMATE THEM IF NECESSARY 710560

c 010580

%0 J~I 0130600

IF (J +EQe 1) J=2 10620

IF (J +EQ¢ LP1) J=L0 010640

XI=X(J=1) 010660

Y33t (J=1) D13680

XbzX (J) 010700

Yoe=Y(J) 010720

AZ=XyeX3 310740

M3I=(Y4=Y3)/A3 119760

IF (LM2 +EQe 3) GO TO &3 04037480

IF (J «EQe 2) GO TO 43 010800

X2z2X (J=2) g10e2¢

Y2z2Y(J=2) 0108440
A2=2X3=%2 110860 !
M2=(Y3~-Y2)/7A2 0138480 !

IF (J «EQe LO) GO TO &2 213900

41 XS=2X(J+1) 013920
Y53y (Jel) 110940 \

AbzXBaXiy 019960

MLz (Y5S=Y4) /AL 910940

IF (J «+EQ¢ 2) M23MI+MToMb 01100¢
GO TO &5 J14020 3

42 ML=MI+MIT=M2 051040

GO TQ WS 311060

201




43 M2=43
ML3M3

45 IF (J «LEs 3) GO TO 46
AL=X2~X(J=3)
M1=(Y2~Y(J=3)) /A
GO TO 47

46 ML=M2+M2an]

W7 IF (J «GEe LM1) GO TO B
AG2X (Je2D =25
MGz (Y LJ#2)=2YS) /NS
GO0 YO 5¢

48 MSEMUeMb=M3

NUMERICAL OIFFERENTIATION

OO0

58 IF (I +EQe LPYL) 60 TO s2
H2=ABS (Me=n3)
NI =ABS (M2=n1)
SW2W2+W3
IF (SH JNEs De0) G380 TQ 51
H228a45
W324,5
SWzi.0
51 TI=(W2OM2¢W3*M3) /SK
IF (I LEQe 1) 60 YO Sé
52 WI=ABS (M5=mi)
R 24 BS(M3=-M2)
SHxW3+Nb
IF (SW JNE. 8442 GO 70 53
H3=GW5
Wh2045
SHz1.0
533 Thx(WIPMI+R&*ML) /SH
IF (I «NEs LP1) 60 T0 68
TI3=Th
SA=A2+A3
Ts=05% (MUINSAAZ* LA2«AT)1% (M2ZwNMT) 7 (584%SA))
AJ=Xle
Y3zYlh
A3=A2
L E L]
G0 TO 6L
S4 TasT3
SAzAZ+AL
TI2V 5% (ML2M2wAl? (AJ«84L)* (N3=MW) F (SA*SA))
X3=K I~ Ab
Y3sYJemM2oAL
A3 sAk
“3sm2
c
T DETERMINATION OF THE COEFFICIENYS
c
60 Q22(240%(MI~TIV+MI=Th) /A3
332(an3>NI+TI+TH) J(ASSAS)
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011080
8131430
911120
211360
011160
013480
011210
011229
311260
811264
311250
8113480
71132¢
L1340
011360
8113440
11600
311620
011bku0
014460
011480
011500
311520
111540
011560
8415149
311640
011620
041640
011660
11630
911700
011723
G117%0
311760
0117840
0116190
3118219
011840
3118648
011840
811900
6119240
611940
021960
11980
0128230
g12028
012860
0120560
g12¢140
412400
812424
042148
212160




C COMPUTATION OF THE POLYNOMIAL 012130

c 012200
70 OXayk=-p( 012220
30 V(K) =QQ+0X*(Q1+0X*(Q2+0X*Q3)) 012240
RETURN 312260
c 012280
C ERROR EXIT 312320
c 012320
30 WRITE (6,2090) 042340
60 T0 99 012360
31 WRITE (6,2091) g12380
GO TO 99 012620
35 WRITE (6,2095) 012620
GG Y0 97 012640
36 WRITE (6,2096) 012460
37 WRITE (6,2097) I,x(D) 9126480
39 WRITE (6,2093) LO,NO 0125170
RETURN 812520
[o4 012540
C FORMAT STATEMENTS 012560
c 0125438
2090 FORMAT (1X/22H ©®s» L = 1 OR LESS.”) 012600
2031 FORMAT (1X/22H *%s N = 0 OR LESS./) 012620
2035 FORMAT (1X/27H *e= IDENTICAL X VALUES./) 012640
2036 FORMAT(1X/33H *®se X VALUES OUT OF SEQUENCE./) 012660
2037 FORMAT (6H I 2,I7,10X,6HX(I) 3,E12.3) 312680
2039 FORMAT (6H L 3,17,10X,3HN 3,I7/736H ERROR DETECTEZD IN RPOUTINE 042730
LINTRPL) ¥12729
END 012740
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APPENDIX D
PROGRAM CHIFPD
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PROGRAM CHIFPOD(INPUT,O0UTPUT, TAPES=INPUT, TAPES=0UTPUT) 000100
CO3S3330 3380508303030 SNIIRBIIININNDINAIBISIBIINIPIBIIINNILITRIOGNIse()()0120
c 000140
C PROGRAM *CHIFPO® CALIBPATES THE °*HIFPD* PROGRAM INPUT QATA, 000160 '
c 000180
C THE PROGRAM COMPUTES THE FOLLOWING FOR EACH (X,2) DATA POINT: 0990200
[ (1) MAGNITUOE R=SQRT (X®%247%82) ==a> R IN COUNTS 000220
c (2) ANGLE ALPHA3R/(138.68648159%57,29577951) ===> ALPHA IN RAQDIANS 000240
c (3) ADJUSTED R=aRA3R/COS(ALPHA) ===» RA IN COUNTS 000260
c () ADJUSTED X=XA=X®RA/R e==> XA IN COUNTS 900280
c (5) ADJUSTED Z=ZA=2I®RA/R «==> ZA IN COUNTS 000300
c oro320
C OATA ARE READ AND PRINTED IN THE STANDARD °*HIFPD* PROGRAM FORMAT, 000340
3
gou..‘...bl'o“.‘...OJC.O.....l“.‘.’.i‘....‘lo.‘JOO'C.CO.‘..OQ;O.OO.C00:::3::
DIMENSION X(k) ;Z(k) s XACL) o ZA (L) 000400
OATA RAD/57,29577951/,CON/138,6848159/ 000620
FCTaCON®RAD 000640 i
10 READ(5,1000) F1i,(X(I),Z(I} I=1,4) 0J0&60
IF (EOF(5)) 999,20 000480 .
20 00 100 I=1,4 800500
RESQRT(X(1)#2247(1)**2) 903520 ‘
ALPH=R/FCT 300540
C1=CO0S (ALPH) 009560
XA(I)=X(I)7C1 000sao0
ZA(T)=Z(I¥/CH 000630
190 CONTINVE 0006290
WRITE(6,10000 Fi, (XAL(I),ZALI) I=1,4) 000640
GO TO 10 060660
999 SToP 000680
1010 FORMAT(AS,8F7.0) 0007090
END 800720
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